
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 

(43) Date of publication: 

18.12.2002 Bulletin 2002/51 

(21) Application number: 02012374.1 

(22) Date of filing: 06.06.2002 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 11.06.2001 JP 2001175041 
12.09.2001 JP 2001276801 
27.09.2001 JP 2001298311 

(71) Applicant: Kabushiki Kaisha Toshiba 
Tokyo (JP) 




EP1 267 415 A2 



(51) lntci7: H01L 29/78, H01L 29/808, 
H01L 29/739, H01L 29/872, 
H01L 29/06, H01L 29/36, 
H01L 29/08, H01L 21/336 



• Omura, Ichiro 

Minato-ku, Tokyo 105-8001 (JP) 

• Yamaguchi, Masakazu 
Minato-ku, Tokyo 105-8001 (JP) 

• Aida, Satoshi 

Minato-ku, Tokyo 105-8001 (JP) 

• Ono, Syotaro 

Minato-ku, Tokyo 105-8001 (JP) 

(74) Representative: HOFFMANN - EITLE 
Patent- und Rechtsanwalte 
Arabellastrasse 4 
81925 Munchen (DE) 



EUROPEAN PATENT APPLICATION 



(72) Inventors: 
• Saitoh, Wataru 
Minato-ku, Tokyo 105-8001 (JP) 



(54) Power semiconductor device having resurf layer 



3 

5 



(57) A semiconductor device includes a drain elec- 
trode (1 6), a drain layer (10), first and second drift layers 
(11,19), a RESURF layer (18), a base layer (12), a 
source layer (13), a source electrode (17), and a gate 
electrode (15). The first drift layer (11 ) is formed on the 
drain layer (10). The second drift layer (19) and RE- 
SURF layers (18) are formed on the first drift layer (11 ) 
and periodically arranged in a direction perpendicular to 
the direction of depth. The RESURF layer (18) forms a 
depletion layer in the second drift layer (19) by a p-n 
junction including the second drift layer (19) and RE- 
SURF layer (18). The impurity concentration in the first 
drift layer (11) is different from that in the second drift 
layer (19). The drain electrode (16) is electrically con- 
nected to the drain layer (10). 
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Description 

[0001] The present invention relates to a semiconduc- 
tor device having a RESURF (REduced SURface Field) 
layer and, more particularly, to a technology applied to 5 
a high-power semiconductor device. 
[0002] Conventionally, vertical power MOS transis- 
tors are widely known. The ON resistance of a vertical 
power MOS transistor greatly depends on the electrical 
resistance of a conducting layer (drift layer) portion. The 10 
electrical resistance of a drift layer is determined by the 
impurity concentration in the drift layer. The impurity 
concentration in the drift layer also serves as a factor 
that determines the breakdown voltage of p-n junction 
formed by junction between a base layer and the drift 15 
layer. That is, the breakdown voltage and ON resistance 
have a tradeoff relationship. Hence, to improve the 
breakdown voltage and reduce the ON resistance at the 
same time, the tradeoff relationship must be improved. 
[0003] As a technology for improving the tradeoff re- 20 
tationship, a structure in which a RESURF layer is buried 
in a drift layer is known. This structure is disclosed in, 
e.g., Jpn. Pat. Appln. KOKAI Publication No. 
2000-183348. A conventional power MOS transistor 
having this structure will be described with reference to 25 
FIG. 1 . FIG. 1 is a sectional view of a vertical power MOS 
transistor. 

[0004] As shown in FIG. 1, an n--type drift layer 110 
is formed on an n + -type drain layer 100. In the surface 
region of the drift layer 110, a plurality of p-type base 30 
layers 120 are periodically arranged in a direction per- 
pendicular to the direction of depth. NMype source lay- 
ers 130 are selectively formed in the surface region of 
each base layer 120. A gate electrode 150 is formed on 
the base layers 1 20 and drift layer 110 between adjacent 35 
source layers 130 with a gate insulating film 140 inter- 
posed therebetween. A drain electrode 160 and source 
electrodes 170 are formed on the lower surface of the 
drain layer 100 and the source layers 130, respectively. 
Pillar-shaped p-type RESURF layers 180 are periodi- *o 
cally formed in the drift layer 110. 
[0005] With the above structure, since the RESURF 
layers 180 are formed deep in the drift layer 110, the 
drift layer 1 1 0 is readily fully depleted. Once the drift lay- 
er 110 is depleted, carriers in the drift layer 110 are not 45 
concerned in the breakdown voltage anymore. Hence, 
the impurity concentration in the drift layer 110 can be 
increased, and the ON resistance can be reduced. 
When the width of the drift layer 110, i.e., the periodical 
width between the RESURF layers 180 is decreased, 50 
the drift layer 110 is quickly fully depleted. When the 
depth of the RESURF layers 180 is increased, the 
breakdown voltage increases. Especially, to obtain the 
above effects, it is important to almost equalize the im- 
purity concentration in the RESURF layers 180 with that 55 
in the drift layer 110. 

[0006] A power MOS transistor is sometimes used to 
arrange a switching power supply or inverter. In this 



case, instead of connecting a high-speed diode in par- 
allel to the current path of the MOS transistor, an internal 
diode formed by the drift layer 110 and base layer 120 
may be operated. Hence, in a MOS transistor, not only 
the ON characteristic and switching characteristic but 
also the recovery characteristic of the internal diode is 
also important. Particularly, a reverse recovery charac- 
teristic when an internal diode shifts from an ON state 
to an OFF state is important. Even in a MOS transistor 
having no RESURF layers 180, the reverse recovery 
characteristic of the internal diode is different from that 
of a normal high-speed diode in, e.g., the reverse recov- 
ery current or reverse recovery time. Basically, however, 
the current waveform in reverse recovery is smooth, so 
a soft recovery waveform can be obtained. To the con- 
trary, in a MOS transistor having the RESURF layers 
180, the current flowing to the internal diode in reverse 
recovery abruptly changes. Hence, only a hard recovery 
waveform can be obtained. This may result in noise. 
[0007] The two kinds of MOS transistors have differ- 
ent recovery characteristics because the drift layer 110 
is depleted in different manners. In a normal MOS tran- 
sistor, the drift layer 11 0 is gradually depleted as the ap- 
plied voltage rises. However, in a MOS transistor having 
the RESURF layers 1 80, the drift layer 1 1 0 is completely 
depleted by a low applied voltage. That is, carriers in the 
drift layer 110 quickly disappear. For this reason, in re- 
verse recovery of the internal diode, the current abruptly 
changes to 0, i.e., a hard recovery waveform is obtained. 
[0008] Main manufacturing methods of a power MOS 
transistor with the above structure are as follows. 

(1) Trenches are formed in the drift layer 110 and 
filled with the RESURF layers 1 80 by crystal growth. 

(2) Crystal growth of the drift layer 110 and ion im- 
plantation to form the RESURF layers 180 in the 
drift layer 110 are repeated. 

[0009] In the method (1 ), in forming the RESURF lay- 
ers 180, crystal growth progresses at the corner portions 
of a trench bottom portion from both the bottom portion 
and the side surfaces. For this reason, the crystallinity 
of the RESURF layer 180 deteriorates at the corner por- 
tions of the trench bottom portion. This may make the 
breakdown voltage low. In addition, since the crystal 
growth rate in the upper portion differs from that in the 
lower portion of a trench, a cavity may be generated in 
the trench. In this case, the thickness of the RESURF 
layer 180 with a cavity may be different from that of the 
RESURF layer 180 without any cavity. This may lower 
the breakdown voltage. 

[0010] In the method (2), each RESURF layer 1 80 is 
formed as p-type impurity ions implanted for every crys- 
tal growth are diffused into the drift layer 110 and con- 
nected to each other. Hence, a plurality of crystal growth 
interfaces are present in the drift layer 1 1 0 and RESURF 
layer 180. Due to disorder in crystallinity or mixing of an 
unexpected impurity, the breakdown voltage may be- 
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come low, or the electrical characteristic may degrade. 
If the growth thickness for every crystal growth is in- 
creased, the p-type impurity must be diffused in a wide 
range. Since the impurity is also diffused in the horizon- 
tal direction, the unit cell width of the semiconductor el- 
ement increases. That is, to form a thin and deep RE- 
SURF layer 180 to reduce the cell width, the crystal 
growth process and ion implantation process must be 
repeated many times. This makes the process very 
complex and also increases the number of growth inter- 
faces. 

[0011] In either the method (1) or (2), it is difficult to 
cause all the RESURF layer 180 to have the same 
depth. As described above, the depth of the RESURF 
layer 180 is an important factor of the breakdown volt- 
age. Hence, if the RESURF layers 180 have different 
depths, the breakdown voltage varies. 
[0012] The present invention has been made in con- 
sideration of the above situation, and has as its object 
to provide a semiconductor device including an internal 
diode that exhibits a soft change in current in reverse 
recovery. It is another object of the present invention to 
provide a semiconductor device capable of simultane- 
ously increasing the breakdown voltage and reducing 
the ON resistance and also eliminating any variation in 
breakdown voltage, and a method of manufacturing the 
same. 

[0013] To attain the object, a semiconductor device 
according to an aspect of the present invention compris- 
es: 

a drain layer having a first conductivity type; 
a first drift layer having the first conductivity type and 
formed on the drain layer; 
second drift layers having the first conductivity type 
and RESURF layers having a second conductivity 
type, which are formed on the first drift layer and 
periodically arranged in a direction perpendicular to 
a direction of depth, the RESURF layer forming a 
depletion layer in the second drift layer by a p-n 
junction including the second drift layer and RE- 
SURF layer, and the first drift layer having an impu- 
rity concentration different from that in the second 
drift layer; 

a drain electrode electrically connected to the drain 
layer; 

a base layer having the second conductivity type 
and selectively formed in surface regions of the sec- 
ond drift layer and RESURF layer; 
a source layer having the first conductivity type and 
selectively formed in a surface region of the base 
layer; 

a source electrode formed in contact with surfaces 
of the base layer and source layer; and 
a gate electrode formed on the base layer located 
between the source layer and the second drift layer 
with a gate insulating film interposed therebetween. 



[0014] In the semiconductor device having the above 
arrangement, the first drift layer having an impurity con- 
centration different from that in the second drift layer 
which forms a superjunction structure is formed. Hence, 

5 the breakdown voltage of the semiconductor device can 
be shared by the superjunction portion and first drift lay- 
er. Especially, when the impurity concentration in the 
first drift layer is lower than that in the second drift layer, 
the reverse recovery characteristic of an internal diode 

10 can be made soft. 

[0015] To attain the object, a semiconductor device 
according to another aspect of the present invention 
comprises: 

15 a drain layer having a first conductivity type; 

a drift layer having the first conductivity type, which 
is formed on the drain layer and has an impurity con- 
centration lower than that in the drain layer; and 
a RESURF layer having a second conductivity type 

20 and formed to extend from a surface of the drift layer 
into the drain layer, the RESURF layer forming a 
superjunction structure together with the drift layer 
and forming a depletion layer in the drift layer. 

25 [001 6] In the semiconductor device having the above 
arrangement, the RESURF layer which forms a super- 
junction structure is formed so deep as to reach the drain 
layer. Hence, even when a plurality of RESURF layers 
are present in the semiconductor device, ail the RE- 

30 SURF layers have the same depth. As a result, any de- 
crease in breakdown voltage due to a variation in depth 
of the RESURF layer is suppressed, unlike the prior art. 
The breakdown voltage can be improved, and simulta- 
neously, the ON resistance can be reduced. 

35 [001 7] To attain the object, a method for fabricating a 
semiconductor device according to an aspect of the 
present invention comprises: 

forming a first drift layer having a first conductivity 
40 type on a drain layer having the first conductivity 
type; 

forming a trench in a surface region of the first drift 
layer; 

forming a first RESURF layer having a second con- 
45 ductivity type by doping an impurity into an inner 
wall side surface of the trench; 
forming a second drift layer having the first conduc- 
tivity type in the trench; 

selectively forming a base layer having the second 
50 conductivity type in surface regions of the first and 
second drift layers and first RESURF layer; 
selectively forming a source layer having the first 
conductivity type in a surface region of the base lay- 
er; 

55 forming a gate insulating film on the base layer lo- 
cated at least between the first drift layer and the 
source layer and between the second drift layer and 
the source layer; and 
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forming a gate electrode on the gate insulating film. 

[0018] In the above semiconductor device manufac- 
turing method, the trench is formed in the first drift layer. 
The RESURF layer is formed on the side wall of the 5 
trench. The second drift layer is formed in the trench. 
Hence, the trench is wide and can easily be filled. Addi- 
tionally, the repetitive width of RESURF layers and drift 
layers is about 1/2 that of the prior art. Hence, a fine 
superj unction structure can be implemented. 
[0019] To attain the object, a method for fabricating a 
semiconductor device according to an aspect of the 
present invention comprises: 

forming a first drift layer having a first conductivity 
type on a drain layer having the first conductivity 
type; 

forming a trench in a surface region of the first drift 
layer; 

forming a RESURF layer having a second conduc- 
tivity type by doping an impurity into a side surface 
of the trench; 

forming a second drift layer having the first conduc- 
tivity type by doping an impurity into a surface of the 
RESURF layer exposed into the trench; 
moving atoms in the second drift layer by annealing 
in an atmosphere containing hydrogen so as to fill 
a remaining portion in the trench; 
selectively forming a base layer having the second 
conductivity type in surface regions of the first and 
second drift layers and RESURF layer; 
selectively forming a source layer having the first 
conductivity type in a surface region of the base lay- 
er; 

forming a gate insulating film on the base layer lo- 
cated at least between the first drift layer and the 
source layer and between the second drift layer and 
the source layer; and 

forming a gate electrode on the gate insulating film. 

[0020] To attain the object, a method for fabricating a 
semiconductor device according to an aspect of the 
present invention comprises: 

forming a drift layer having a first conductivity type 
on a drain layer having the first conductivity type, 
the drift layer having an impurity concentration low- 
er than that in the drain layer; 
forming a trench extending from a surface of the drift 
layer into the drain layer; 

forming a RESURF layer having a second conduc- 
tivity type in the trench; 

selectively forming a base layer having the second 
conductivity type in surface regions of the drift layer 
and RESURF layer; 

selectively forming a source layer having the first 
conductivity type in a surface region of the base lay- 
er; 



forming a gate insulating film on the base layer lo- 
cated at least between the drift layer and the source 
layer; and 

forming a gate electrode on the gate insulating film. 

[0021] In the above semiconductor device manufac- 
turing method, the trench is formed so deep as to reach 
the drain layer. The RESURF layer is formed in this 
trench. Hence, any variation in breakdown voltage due 
to a variation in trench depth can be suppressed. In ad- 
dition, the bottom portion of the RESURF layer does not 
function as a superjunction structure. Hence, even when 
the crystallinity at the bottom portion of the RESURF lay- 
er degrades, any degradation in breakdown voltage can 
be suppressed. 

[0022] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0023] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a sectional view of a conventional vertical 
power MOS transistor; 

FIG. 2 is a sectional view of a vertical power MOS 
transistor according to the first embodiment of the 
present invention; 

FIG. 3A is a graph showing the relationship be- 
tween the ON resistance and the thickness ratio of 
the first drift layer to the total drift layer thickness; 
FIG. 3B is a graph showing the reverse recovery 
characteristic of an internal diode together with a 
change in thickness ratio of the first drift layer to the 
total drift layer thickness; 

FIG. 3C is a graph showing the relationship be- 
tween the gradient of a change in reverse recovery 
current and the thickness ratio of the first drift layer 
to the total drift layer thickness; 
FIG. 3D is a graph showing the relationship be- 
tween the drain voltage and the drain current; 
FIG. 4A is a sectional view of a vertical power MOS 
transistor according to the second embodiment of 
the present invention; 

FIGS. 4B and 4C are graphs showing the impurity 
concentration profile in the drift layer of the vertical 
power MOS transistor shown in FIG. 4A; 
FIG. 4D is a graph showing the field distribution in 
the drift layer of the vertical power MOS transistor 
shown in FIG. 4A; 

FIGS. 5A to 5E are sectional views sequentially 
showing steps in manufacturing the vertical power 
MOS transistor shown in FIG. 2 so as to explain the 
third embodiment of the present invention; 
FIG. 5F is a graph showing an impurity concentra- 
tion profile along the direction of depth of a RE- 
SURF layer; 

FIG. 6 is a sectional view of a vertical power MOS 
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transistor according to the fourth embodiment of the 
present invention; 

FIGS. 7A to 7E are sectional views sequentially 
showing steps in manufacturing the vertical power 
MOS transistor shown in FIG. 6; 5 
FIG. 7F is a graph showing an impurity concentra- 
tion profile along the horizontal direction of a RE- 
SURF layer; 

FIG. 8 is a sectional view of a vertical power MOS 
transistor according to a modification to the fourth 10 
embodiment of the present invention; 
FIG. 9A is a sectional view of a vertical power MOS 
transistor according to the fifth embodiment of the 
present invention; 

FIGS. 9B and 9C are graphs showing the impurity 15 
concentration profile in the drift layer of the vertical 
power MOS transistor shown in FIG. 9A; 
FIG. 1 0A is a sectional view of a vertical power MOS 
transistor according to the sixth embodiment of the 
present invention; 20 
FIGS. 1 0B and 1 0C are graphs showing the impurity 
concentration profile in the drift layer of the vertical 
power MOS transistor shown in FIG. 10A; 
FIG. 11 is a graph showing the relationship between 
the breakdown voltage and the shift amount of the 25 
impurity concentration in the RESURF layer with re- 
spect to that in the second drift layer; 
FIG. 12 is a graph showing the relationship between 
the breakdown voltage and the shift amount of the 
depth of the RESURF layer with respect to that of 30 
the second drift layer; 

FIG. 13A is a graph showing the relationship be- 
tween the ON resistance and the shift amounts of 
the depth and impurity concentration of the RE- 
SURF layer with respect to those of the second drift 35 
layer; 

FIG. 13B is a graph showing the relationship be- 
tween the breakdown voltage and the shift amounts 
of the depth and impurity concentration of the RE- 
SURF layer with respect to those of the second drift *o 
layer; 

FIG. 14 is a sectional view of a vertical power MOS 
transistor according to the 10th embodiment of the 
present invention; 

FIGS. 15A to 15D are sectional views sequentially 45 
showing steps in manufacturing the vertical power 
MOS transistor according to the 10th embodiment 
of the present invention; 

FIG. 1 6 is a sectional view of a vertical power MOS 
transistor according to the 11th embodiment of the 50 
present invention; 

FIG. 17 is a sectional view of a vertical power MOS 
transistor according to the 1 2th embodiment of the 
present invention; 

FIG. 18 is a sectional view of a lateral power MOS 55 
transistor according to the 1 3th embodiment of the 
present invention; 

FIG. 1 9A is a sectional view of a vertical power MOS 



transistor according to the 14th embodiment of the 
present invention; 

FIGS. 19B and 19C are plan views taken along a 
line19B-19B in FIG. 19A; 
FIGS. 20A to 20E are sectional views sequentially 
showing steps in manufacturing the vertical power 
MOS transistor shown in FIG. 19A; 
FIGS. 20F and 20G are sectional views of a super- 
junction structure; 

FIG. 21 is a sectional view of a vertical power MOS 
transistor according to the 1 5th embodiment of the 
present invention; 

FIGS. 22A to 22C are sectional views sequentially 
showing steps in manufacturing the vertical power 
MOS transistor shown in FIG. 21 ; 
FIGS. 23A and 23B are sectional views sequentially 
showing steps in manufacturing a vertical power 
MOS transistor according to the 16th embodiment 
of the present invention; 

FIGS. 24A to 24F are sectional views sequentially 
showing steps in manufacturing a vertical power 
MOS transistor according to the 17th embodiment 
of the present invention; 

FIGS. 25A to 25D are sectional views sequentially 
showing steps in manufacturing a vertical power 
MOS transistor according to the 18th embodiment 
of the present invention; 

FIG. 26 is a sectional view of a vertical power MOS 
transistor according to the 19th embodiment of the 
present invention; 

FIG. 27A is a plan view of a vertical power MOS 
transistor according to the 20th embodiment of the 
present invention; 

FIG. 27B is a sectional view taken along a line 27B 

- 27B in FIG. 27A; 

FIG. 28A is a plan view of a vertical power MOS 
transistor according to the 21st embodiment of the 
present invention; 

FIG. 28B is a sectional view taken along a line 28B 

- 28B in FIG. 28A; 

FIG. 29 is a sectional view of a vertical power MOS 
transistor according to the 22nd embodiment of the 
present invention; 

FIG. 30 is a sectional view of a vertical power MOS 
transistor according to the 23rd embodiment of the 
present invention; 

FIG. 31 is a sectional view of a vertical power MOS 
transistor according to the 24th embodiment of the 
present invention; 

FIG. 32 is a sectional view of a vertical power MOS 
transistor according to the 25th embodiment of the 
present invention; 

FIGS. 33A to 33D are sectional views sequentially 
showing steps in manufacturing the vertical power 
MOS transistor shown in FIG. 32; 
FIG. 34 is a sectional view of a vertical power MOS 
transistor according to the 26th embodiment of the 
present invention; 
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FIG. 35 is a sectional view of a vertical power MOS 
transistor according to the 27th embodiment of the 
present invention; 

FIGS. 36A to 36E are sectional views sequentially 
showing steps in manufacturing the vertical power 
MOS transistor shown in FIG. 35; 
FIGS. 37A and 37B are sectional views sequentially 
showing steps in manufacturing a vertical power 
MOS transistor according to the first modification to 
the 27th embodiment of the present invention; 
FIGS. 38A to 38C are sectional views sequentially 
showing steps in manufacturing a vertical power 
MOS transistor according to the second modifica- 
tion to the 27th embodiment of the present inven- 
tion; 

FIG. 39 is a sectional view of a vertical power MOS 
transistor according to the 28th embodiment of the 
present invention; 

FIG. 40A is a plan view of a vertical power MOS 
transistor according to the 29th embodiment of the 
present invention; 

FIGS. 40B to 40D are plan views of vertical power 
MOS transistors according to the first to third mod- 
ifications to the 29th embodiment of the present in- 
vention; 

FIG. 41 A is a plan view of a vertical power MOS 
transistor according to the 30th embodiment of the 
present invention; 

FIG. 41 B is a sectional view taken along a line 41 B 
-41Bin FIG.41A; 

FIG. 42Ais a sectional view of a vertical power MOS 
transistor according to the 31st embodiment of the 
present invention; 

FIG. 42B is a sectional view taken along a line 42B 

- 42B in FIG. 42A; 

FIG. 43A is a sectional view of a vertical power MOS 
transistor according to the 32nd embodiment of the 
present invention; 

FIG. 43B is a sectional view taken along a line 43B 
-43B in FIG. 43A; 

FIG. 44 is a sectional view of a vertical power MOS 
transistor according to the 33rd embodiment of the 
present invention; 

FIG. 45 is a sectional view of a vertical power MOS 
transistor according to the 34th embodiment of the 
present invention; 

FIG. 46A is a sectional view of a vertical power MOS 
transistor according to the 35th embodiment of the 
present invention; 

FIG. 46B is a plan view of the vertical power MOS 
transistor according to the 35th embodiment of the 
present invention; 

FIG. 46C is a sectional view taken along a line 46C 

- 46C in FIG. 46B; 

FIG. 47 is a sectional view of a vertical power MOS 
transistor according to the 36th embodiment of the 
present invention; 

FIG. 48 is a sectional view of a vertical power MOS 



transistor according to the 37th embodiment of the 
present invention; 

FIGS. 49A and 49B are sectional views of a vertical 
power MOS transistor according to the 38th embod- 

5 iment of the present invention; 

FIGS. 50A and 50B are sectional views sequentially 
showing steps in manufacturing the vertical power 
MOS transistor shown in FIGS. 49A and 49B; 
FIG. 51 is a sectional view of a vertical power MOS 

10 transistor according to the 39th embodiment of the 
present invention; 

FIG. 52 is a sectional view of a vertical power MOS 
transistor according to the 40th embodiment of the 
present invention; 
*5 FIG. 53 is a sectional view of a vertical power MOS 
transistor according to the 41st embodiment of the 
present invention; 

FIG. 54 is a sectional view of a vertical power MOS 
transistor according to the 42nd embodiment of the 
20 present invention; 

FIG. 55 is a sectional view of a vertical power MOS 
transistor according to the 43rd embodiment of the 
present invention; and 

FIG. 56 is a sectional view of a vertical power MOS 
25 transistor according to the 44th embodiment of the 
present invention. 

[0024] The embodiments of the present invention will 
be described below with reference to the accompanying 
30 drawing. In the following embodiments, the first conduc- 
tivity type is n-type, and the second conductivity type is 
p-type. 

<First Embodiment 

35 

[0025] A semiconductor device according to the first 
embodiment of the present invention will be described 
with reference to FIG. 2. FIG. 2 is a sectional view of a 
vertical power MOS transistor. 
40 [0026] As shown in FIG. 2, an n--type first drift layer 

1 1 is formed on an n + -type drain layer 1 0. An n-type sec- 
ond drift layer 19 is formed on the first drift layer 11. P- 
type base layers 12 are selectively formed in the surface 
region of the second drift layer. NMype source layers 

45 1 3 are selectively formed in the surface region of each 
base layer 12. A gate electrode 1 5 is formed on the sec- 
ond drift layer 1 9 and base layers 12 between adjacent 
source layers 1 3 with a gate insulating film 14 interposed 
therebetween. The gate electrodes 15 have a stripe- 

50 shaped planar pattern along a direction perpendicular 
to the page surface of FIG. 2. Source electrodes 17 are 
formed on the source layers 13 and base layers 12. A 
drain electrode 16 is formed on the lower surface of the 
drain layer 10. A p-type RESURF layer 18 is formed in 

55 the second drift layer 19 immediately under each base 
layer 12 while coming into contact with the base layer 

12 and first drift layer 11. The p-type RESURF layer 18 
forms a superjunction structure together with the second 



6 



11 



EP 1 267 415 A2 



12 



drift layer 19. The second drift layers 19 and RESURF 
layers 18 are alternated in a direction (horizontal direc- 
tion) perpendicular to the direction of depth (vertical di- 
rection) whereby superj unction structures are periodi- 
cally arranged. 

[0027] A superjunction structure means a structure in 
which the vertical RESURF layer 18 is included in the 
drift layer 19, as shown in FIG. 2. A superjunction struc- 
ture serves as least part of a carrier conducting layer. 
The region of a superjunction structure is quickly deplet- 
ed when the MOS transistor operates. 
[0028] The carrier conducting layer (drift layer) of the 
power MOS transistor shown in FIG. 2 includes two re- 
gions: the superjunction structure (also called a vertical 
RESURF structure) and the first drift layer 11 . The sec- 
ond drift layers 19 and RESURF layers 18 have stripe- 
shaped planar patterns along the same direction as that 
of the gate electrodes 15. The first drift layer 11 is formed 
such that the ratio of its thickness to the sum of thick- 
nesses of the first and second drift layers 11 and 19 is 
0.21 to 0.8. 

[0029] The impurity concentration in the drain layer 1 0 
is, e.g., 6 x 10 18 cm- 3 . The thickness of the drain layer 
10 is about 200 u.m. The impurity concentration in the 
first drift region 11 is, e.g., 5 x 10 14 cm* 3 . The thickness 
of the first drift region 11 is about 26 u.m. The impurity 
concentration in the base layer 1 2 is, e.g., 3 x 1 0 1 7 cm -3 . 
The base layer 12 is formed to a depth of about 2 \im 
from the surface of the drift layer 11 . The impurity con- 
centration in the source layer 13 is, e.g., 1 x 10 20 cnr 3 . 
The source layer 1 3 is formed to a depth of about 0.2 
u.m from the surface of the base layer 12. The impurity 
concentration in both the RESURF layer 1 8 and the sec- 
ond drift layer 19 is, e.g., 2 x 10 15 crrr 3 . These layers 
have a thickness of about 20 urn and a width of about 8 
urn. The distance between adjacent RESURF layers 18 
is about 8 jim. The gate insulating film 14 is, e.g., a sil- 
icon oxide film (Si0 2 ) and has a thickness of about 0.1 
urn. With the above design, a MOS transistor whose rat- 
ed voltage is 600V can be implemented. 
[0030] In the MOS transistor with the above structure, 
when a forward voltage is applied to the gate electrode 
and between the source and drain layers, a channel is 
formed in the base layer 12. Carriers move from the 
source layers 1 3 to the drain layer 1 0 through the chan- 
nel and the first and second drift layers 1 1 and 19. When 
a reverse voltage is applied to the gate electrode, a de- 
pletion layer is formed by the p-n junction between the 
RESURF layer 18 and the second drift layer 19 as well 
as by the p-n junction between the base layer 12 and 
the second drift layer 19. Especially, by the p-n junction 
with the RESURF layer 18, the second drift layer 19 is 
quickly fully depleted. After that, the depletion layer 
spreads into the first drift layer 11. In the above design 
example, each of the superjunction portion and first drift 
layer 11 shares a breakdown voltage of 300V. When the 
thickness of the first drift layer 1 1 is increased , the break- 
down voltage to be shared by the first drift layer 11 in- 



creases and the ON resistance becomes high. Con- 
versely, when the thickness of the first drift layer 11 is 
decreased, the ON resistance becomes low. 
[0031] FIG. 3A is a graph showing the relationship be- 

5 tween an ON resistance Ron and a ratio Ln7(Lsj+Ln-) 
of a thickness Ln- of the first drift layer to the thickness 
of the entire carrier conducting layer (the total thickness 
of the first and second drift layers) (Lsj+Uv) in FIG. 2. 
The thickness of the first drift layer is represented by 

10 Ln~. The thickness of the second drift layer is represent- 
ed by Lsj. If the thickness ratio Ln7(Lsj+Ln-) is 0, the 
entire conducting layer serves as a superjunction struc- 
ture. If the thickness ratio Ln7(Lsj+Ln-) is 1 , the device 
is a normal MOS transistor having no superjunction 

15 structure. 

[0032] As shown in FIG. 3A, the lower the thickness 
ratio Ln7(Lsj+Ln-) becomes, the lower the ON resist- 
ance Ron becomes. That is, it is preferable to reduce 
the ratio of the first drift layer 11 to the entire conducting 

20 layer from the viewpoint of decreasing the ON resist- 
ance. That is, it is preferable to form the conducting layer 
only by a superjunction structure. 
[0033] FIG. 3B shows a change in reverse recovery 
characteristic of the internal diode included in the MOS 

25 transistor shown in FIG. 2 along with a change in thick- 
ness ratio Ln7(Lsj+Ln-). The abscissa indicates the 
elapse of time, and the ordinate indicates the current. 
[0034] As shown in FIG. 3B, the reverse recovery 
characteristic of the MOS transistor having a superjunc- 

30 tion structure represents a hard recovery waveform, i. 
e., the current abruptly changes to 0. To the contrary, in 
a normal MOS transistor having no superjunction struc- 
ture, the current moderately decreases, and a soft re- 
covery waveform can be obtained. Hence, only from the 

35 viewpoint of reverse recovery characteristic, it is prefer- 
able to increase the ratio of the first drift layer 11 to the 
entire conducting layer. That is, a MOS transistor pref- 
erably has no superjunction structure. 
[0035] As described above, reduction of ON resist- 

40 ance and improvement of the current characteristic in 
reverse recovery have a tradeoff relationship. 
[0036] FIG. 3C shows the relationship between the 
thickness ratio Ln7(Lsj+Ln") and a current change 
amount in reverse recovery of the internal diode. The 

45 abscissa indicates the thickness ratio Ln7(Lsj+Ln-), and 
the ordinate indicates the time differential of the current, 
i.e., the gradient of a change in current. 
[0037] As shown in FIG. 3C, when the thickness ratio 
exceeds 0.21 , the gradient of the change in current be- 
so comes smaller than that in a MOS transistor whose con- 
ducting layer is formed from only a superjunction struc- 
ture. When the thickness ratio is about 0.8, the gradient 
is almost the same as that in a normal MOS transistor. 
[0038] The MOS transistor according to this embodi- 

55 ment shown in FIG. 2 has the first drift layer 11 whose 
thickness ratio to the total thickness of the first and sec- 
ond drift layers 11 and 19 is 0.21 to 0.8. Hence, a soft 
recovery waveform can be obtained in the internal diode 
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while reducing the ON resistance. As a result, noise can 
be suppressed. 

[0039] That is, in the arrangement according to this 
embodiment, the first drift layer 11 is formed in a con- 
ventional MOS transistor having a superjunction struc- 
ture. Hence, an intermediate characteristic between a 
MOS transistor whose conducting layer is formed from 
only a superju notion structure and a MOS transistor hav- 
ing no superjunction structure in the conducting layer. 
The characteristic can be controlled by changing the 
thickness ratio of the first drift layer to the thickness of 
the entire conducting layer, i.e., the total thickness of the 
first and second drift layers. When the ratio is set to 0.21 
to 0.8, the reverse recovery characteristic of the internal 
diode can be improved as compared to a MOS transistor 
whose conducting layer is formed from only a superjunc- 
tion structure. In addition, the ON resistance can be im- 
proved as compared to a MOS transistor having no su- 
perjunction structure. 

[0040] According to the MOS transistor of this embod- 
iment, since the first drift layer 11 is formed, the safety 
operation range when a forward voltage is applied can 
be sufficiently ensured. This will be described with ref- 
erence to FIG. 3D. FIG. 3D shows a change in drain 
current Id with respect to a drain voltage Vds together 
with a change in thickness ratio Ln7(Lsj+Ln"). Especial- 
ly, a case wherein a gate voltage Vg is (Vth + 3V) is 
shown. Vth is the threshold voltage of the MOS transis- 
tor. 

[0041] As shown in FIG. 3D, when a conducting layer 
is formed from only a superjunction structure, the drain 
current Id abruptly increases at the drain voltage Vds = 
about 600V. In a normal MOS transistor having no su- 
perjunction structure, the drain current Id abruptly in- 
creases at the drain voltage Vds = about 700V. That is, 
the normal structure allows application of a higher drain 
voltage. In other words, the normal structure has a wider 
voltage range where safety operation is possible. This 
is because when a high voltage is applied, the electric 
field near the drain becomes higher in the superjunction 
structure than in the normal structure. However, in the 
structure according to this embodiment, since the first 
drift layer 11 is inserted, the electric field near the drain 
can be decreased when a high voltage is applied. As a 
result, the safety operation range of the MOS transistor 
can be widened. When the ratio of the first drift layer 11 
to the entire conducting layer is increased, the structure 
becomes similar to the normal structure. Hence, the 
safety operation range increases. 
[0042] For the MOS transistor according to this em- 
bodiment, the manufacturing process can be simplified. 
In the structure shown in FIG. 2, the breakdown voltage 
is shared by the superjunction portion and first drift layer 
11. Hence, as compared to a conventional structure in 
which the entire carrier conducting layer is formed as a 
superjunction structure, the thickness of the superjunc- 
tion portion can be reduced. Since the thickness of the 
superjunction portion which has a complex structure can 



be reduced, the manufacturing process can be simpli- 
fied. Even when the thickness of the superjunction struc- 
ture is kept unchanged, the breakdown voltage can be 
changed by changing the thickness of the first drift layer 

5 11. When wafers for which superjunction structures 
have the same thickness, and the first drift layers 11 
have different thicknesses are prepared, MOS transis- 
tors with different breakdown voltages can be manufac- 
tured by the same manufacturing process. 

10 [0043] As described above, according to the MOS 
transistor of this embodiment, the first drift layer 11 hav- 
ing an impurity concentration lower than that of the sec- 
ond drift layer 1 9 serving as part of a superjunction struc- 
ture is inserted between the superjunction structure and 

15 the drain layer 1 0. For this reason, when a high voltage 
is applied between the drain electrode 1 6 and the source 
electrode 17, a depletion layer gradually spreads in the 
first drift layer 1 1 even after the second drift layer 1 9 and 
RESURF layer 18 are completely depleted. Hence, the 

20 reverse recovery characteristic of the internal diode can 
be made close to the soft characteristic of a normal di- 
ode. 

<Second Embodiment 

25 

[0044] A semiconductor device according to the sec- 
ond embodiment of the present invention will be de- 
scribed next with reference to FIGS. 4A to 4D. FIG. 4A 
is a sectional view of a power MOS transistor according 

30 to this embodiment. FIGS. 4B and 4C show the impurity 
concentration profile along the depth-direction in the 
drift layer of the MOS transistor shown in FIG. 4A. FIG. 
4D shows the electric field distribution along the depth- 
direction in the drift layer. 

35 [0045] The MOS transistor according to this embodi- 
ment has the same structure as that according to the 
first embodiment, as shown in FIG. 4A. That is, the car- 
rier conducting layer includes two regions: a superjunc- 
tion portion and a first drift layer 11. As shown in FIG. 

to 4B, the impurity concentration in the superjunction por- 
tion is set to be higher than that of the first drift layer 1 1 . 
[0046] As shown in FIG. 4D, the electric field distribu- 
tion in the superjunction portion is different from that in 
the first drift layer 1 1 . When even a low voltage is applied 

45 between the source and the drain, the superjunction 
portion is completely depleted. Hence, the superjunc- 
tion portion can be equivalently regarded as a lightly- 
doped impurity layer, and the electric field distribution in 
it is flat (constant). To the contrary, in the first drift layer 

50 11, depletion layer gradually spreads from the super- 
junction portion side. Hence, the electric field distribu- 
tion has a gradient in the first drift layer 11 , as shown in 
FIG. 4D. In this case, if the impurity concentration in the 
first drift layer 11 is low, depletion in the first drift layer 

55 11 quickly occurs. Hence, the electric field distribution 
in the first drift layer 11 is almost flat, like the superjunc- 
tion structure portion. To the contrary, if the impurity con- 
centration in the first drift layer 1 1 is high, depletion layer 
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hardly spreads in the first drift layer 11 . Hence, the gra- 
dient of the electric field distribution in the first drift layer 
1 1 becomes steep. 

[0047] To obtain a soft reverse recovery characteristic 
of an internal diode, the impurity concentration in the 5 
first drift layer 11 must be designed such that depletion 
layer in the first drift layer 11 gradually spreads, like a 
normal MOS transistor. If the impurity concentration in 
the first drift layer 11 is too low, the depletion layer im- 
mediately reaches a drain layer 10. In this case, the ef- 
fect of insertion of the first drift layer 11 cannot be ob- 
tained. Since the resistance in the first drift layer 11 in- 
creases, an ON resistance Ron increases. If the impurity 
concentration in the first drift layer 11 is high, the deple- 
tion layer hardly spreads. Hence, although the effect of 
insertion of the first drift layer 1 1 becomes weak, the ON 
resistance Ron decreases. 

[0048] A design example of a MOS transistor having 
a rated voltage of about 600V will be described. 
When the thickness of the superjunction portion is 10 
u.m, the thickness of the first drift layer 11 is 39 u.m, and 
the impurity concentration in the first drift layer 11 is 3.3 
x 10 14 cm" 3 , the ON resistance Ron is 72 mftcm 2 . That 
is, the internal diode can have almost the same charac- 
teristic as in a normal MOS transistor while decreasing 
the ON resistance as compared with a normal MOS 
transistor. 

[0049] When the thickness of the superjunction por- 
tion is 30 u.m, the thickness of the first drift layer 11 is 
13 n.m, and the impurity concentration in the first drift 
layer 11 is 1 x 10 15 cm -3 , the ON resistance Ron is 35 
mftcm 2 . That is, the recovery characteristic of the inter- 
nal diode can be made soft while keeping almost the 
same ON resistance Ron as that of a superjunction 
MOS transistor. 

[0050] To realize a soft recovery waveform while 
keeping a low ON resistance Ron, the impurity concen- 
tration in the first drift layer 11 is preferably set such that 
the drift layer is completely depleted when the rated volt- 
age is applied between the source and the drain, as 
shown in FIG. 4D. The design is done such that the 
breakdown voltage is shared by the superjunction struc- 
ture and first drift layer 11 . 

[0051] The resistance and breakdown voltage of the 
portion of the first drift layer 11 have a tradeoff relation- 
ship, like the ON resistance and breakdown voltage of 
a normal MOS transistor. Hence, an optimum impurity 
concentration for the first drift layer 11 is so set that the 
first drift layer 11 is completely depleted when the rated 
voltage is applied. With this impurity concentration, de- 
pletion gradually spreads until the voltage between the 
source and drain reach the rated voltage. For this rea- 
son, the recovery waveform of the internal diode also 
becomes soft. 

[0052] From the viewpoint of reliability of a semicon- 
ductor element, the first drift layer 11 is preferably not 
completely depleted, when the rated voltage is applied 
between the source and drain. However, the power sup- 



ply voltage of a semiconductor element is normally 
about 1/2 the rated voltage. Hence, if the first drift layer 
11 is not completely depleted when a voltage 1/2 the 
rated voltage is applied, sufficient reliability can be main- 
tained for a MOS transistor. 

[0053] In some cases, the drain layer 1 0 is formed by 
diffusing an impurity from the lower surface of the first 
drift layer 11 . The superjunction structure is sometimes 
formed by diffusing an impurity from the upper surface 
of the first drift layer 1 1 . In these cases, the impurity con- 
centration in the first drift layer 11 exhibits not a rectan- 
gular distribution as shown in FIG. 4B but a moderate 
distribution shown in FIG. 4C. However, when the rela- 
tionship between impurity concentrations is given by 
drain layer 1 0 > second drift layer 1 9 of the superjunction 
portion > first drift layer 11 , the effect described in this 
embodiment can be obtained. In this case, the first drift 
layer 11 has a thickness from the junction portion with 
a RESURF layer 18 to a position at the junction portion 
with the drain layer, at which the impurity concentration 
almost equals that in the second drift layer 1 9. When the 
average impurity concentration in a portion correspond- 
ing to this thickness is designed as the impurity concen- 
tration in the first drift layer 11, almost the same effect 
as in a case wherein the first drift layer 11 has a rectan- 
gular impurity concentration distribution can be ob- 
tained. 

<Third Embodiment 

[0054] A semiconductor device according to the third 
embodiment of the present invention will be described 
next with reference to FIGS. 5A to 5E. In this embodi- 
ment, a method of manufacturing the MOS transistors 
according to the first and second embodiments will be 
described. FIGS. 5A to 5E are sectional views sequen- 
tially showing steps in manufacturing the MOS transistor 
shown in FIG. 2. 

[0055] First, as shown in FIG. 5A, an n--type first drift 
layer 11 is formed on an n + -type semiconductor sub- 
strate 10. An n-type semiconductor layer 19a is formed 
on the first drift layer 11 . 

[0056] As shown in FIG. 5B, a mask material 20 is 
formed on the semiconductor layer 19a. The mask ma- 
terial 20 on a region where a RESURF layer is to be 
formed is removed by photolithography and etching. A 
p-type impurity such as boron is doped into the semi- 
conductor layer 19a by ion implantation. 
[0057] After the mask material 20 is removed, a sem- 
iconductor layer 19b is formed on the semiconductor 
layer 19a. The semiconductor layers 19a and 19b serve 
as a second drift layer 1 9 shown in FIG. 2. In the process 
of forming the semiconductor layer 19b, boron that is 
doped in the step shown in FIG. 5B is diffused to form 
p-type diffusion layers 18a in the second drift layer 19. 
[0058] As shown in FIG. 5D, a mask material 21 is 
formed on the semiconductor layer 19b. The mask ma- 
terial 21 on a region where a RESURF layer is to be 
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formed is removed by photolithography and etching. A 
p-type impurity such as boron is doped into the semi- 
conductor layer 19b by ion implantation. 
[0059] The p-type diffusion layers 1 8a formed by pre- 
ceding ion implantation and p-type diffusion layers 18b 5 
formed by succeeding ion implantation are diffused and 
connected to each other by annealing. As a result, as 
shown in FIG. 5E, RESURF layers 18 including the p- 
type diffusion layers 18a and 18b are formed. 
[0060] After that, the MOS transistor shown in FIG. 2 
is completed by a known MOS process. When a super- 
junction structure is formed by repeating the step of 
forming an n-type semiconductor layer and p-type diffu- 
sion layer a plurality of number of times, the impurity 
concentration along a depth-direction in the superjunc- 
tion structure is not constant. FIG. 5F shows the impurity 
concentration profile along the depth-direction in the 
RESURF layer. As shown in FIG. 5F, the impurity con- 
centration changes so as to form a concentration peak 
in the ion-implanted region. 

[0061] When the step of forming an n-type semicon- 
ductor layer and p-type diffusion layer is further repeat- 
ed, the superjunction structure can be made thick. The 
p-type RESURF layers 1 8 and second drift layer 1 9 may 
be formed by doping n- and p-type impurities into the 
first drift layer 11. 

[0062] The RESURF layers 18 may also be formed 
by forming trenches in the second drift layer 19 and fill- 
ing each trench with a p-type semiconductor layer. 

<Fourth Embodiment 

[0063] A semiconductor device according to the 
fourth embodiment of the present invention will be de- 
scribed next with reference to FIG. 6. FIG. 6 is a sec- 
tional view of a vertical power MOS transistor according 
to this embodiment. 

[0064] As shown in FIG. 6, in the power MOS transis- 
tor according to this embodiment, an insulating layer 22 
is inserted between a RESURF layer 18 and a second 
drift layer 19, both of which serve as a basic unit of a 
superjunction structure in the structure shown in FIG. 2. 
The insulating layer 22 is formed so deeply as to reach 
a first drift layer 11. The basic structure in which a drift 
layer is formed from two regions, i.e., a superjunction 
structure and the first drift layer 11 is the same as that 
shown in FIG. 2. 

[0065] A method of manufacturing the power MOS 
transistor according to this embodiment will be de- 
scribed with reference to FIGS. 7A to 7E. FIGS. 7A to 
7E are sectional views sequentially showing steps in 
manufacturing the power MOS transistor shown in FIG. 
6. 

[0066] First, as shown in FIG. 7A, the n--type first drift 
layer 11 is formed on an n + -type semiconductor sub- 
strate 10. The n-type second drift layer 19 is formed on 
the first drift layer 11. 

[0067] As shown in FIG. 7B, a mask material 23 is 



formed on the second drift layer 19. The mask material 
23 on a region where the insulating layer 22 is to be 
formed is removed by photolithography and etching. Af- 
ter that, trenches 24 are formed in the second drift layer 
19 by anisotropic etching such as RIE using the mask 
material 23 as a mark. 

[0068] As shown in FIG. 7C, a p-type impurity such 
as boron is doped into the side walls of the trenches 24 
by ion implantation. This ion implantation is executed 
obliquely with respect to the direction perpendicular to 
the semiconductor substrate surface. The impurity only 
needs to be implanted into one side surface of each 
trench 24. The impurity need not be implanted into both 
side surfaces. 

[0069] The implanted impurity is activated by anneal- 
ing to complete the p-type RESURF layers 1 8, as shown 
in FIG. 7D. 

[0070] After the mask material 23 is removed, each 
trench 24 is filled with the insulating layer 22, as shown 
in FIG. 7E. 

[0071] After that, the MOS transistor shown in FIG. 6 
is completed by a known MOS process. 
[0072] When a superjunction structure is formed by 
the above process, since the insulating layers 22 are 
periodically formed in the horizontal direction, the impu- 
rity concentration distribution is not constant in the hor- 
izontal direction. FIG. 7F shows the horizontal impurity 
concentration profile in the RESURF layer. As shown in 
FIG. 7F, the impurity concentration distribution in the 
RESURF layer 1 8 exhibits a maximum value at the junc- 
tion portion between the RESURF layer and the insulat- 
ing layer 22. 

[0073] As the material that fills the trench 24, a sem- 
iconductor with low-impurity concentration or a combi- 
nation of an insulating layer and a semiconductor can 
be used without any electrical problem. A semiconduc- 
tor used as a filling material can be either a single-crystal 
semiconductor or a polycrystalline semiconductor. The 
trench 24 is formed so deeply as to reach the first drift 
layer 11 . The trench 24 may be formed so deeply as to 
reach the drain layer 10. The second drift layer 19 and 
RESURF layer 18 may be formed by ion implantation 
into the first drift layer 11 . 

Modification to Fourth Embodiment 

[0074] FIG. 8 is a sectional view of a MOS transistor 
according to a modification to the fourth embodiment of 
the present invention. 

[0075] As shown in FIG. 8, in the power MOS transis- 
tor according to this modification, the insulating layer 22 
is formed in each RESURF layer 18 in the structure 
shown in FIG. 2 described in the first embodiment. The 
insulating layer 22 is formed from the surface of a base 
layer 12 to reach the first drift layer 11 . 
[0076] With the structure of this modification, the cell 
width of a superjunction structure can be halved as com- 
pared to the MOS transistor having the structure shown 
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in FIG. 6 according to the fourth embodiment. As a re- 
sult, the ON resistance of the superjunction portion can 
be 1/2 that in the structure shown in FIG. 6. 
[0077] A method of manufacturing the structure 
shown in FIG. 8 is the same as that of the fourth embod- 5 
iment except that ion implantation is executed in the step 
shown in FIG. 7C such that an impurity is implanted into 
both side surfaces of each trench. With this process, the 
RESURF layers 1 8 can be formed in both side surfaces 
of each trench. 

<Fifth Embodiment 

[0078] A semiconductor device according to the fifth 
embodiment of the present invention will be described 
next with reference to FIGS. 9A to 9C. FIG. 9A is a sec- 
tional view of a power MOS transistor according to this 
embodiment. FIGS. 9B and 9C show the impurity con- 
centration profile along the depth-direction in the drift 
layer of the MOS transistor shown in FIG. 9A. 
[0079] As shown in FIG. 9A, in the power MOS tran- 
sistor according to this embodiment, a first drift layer 11 
has a two-layered structure in the structure according to 
the second embodiment. More specifically, the first drift 
layer 1 1 includes an n-type semiconductor layer 11a and 
an n--type semiconductor layer 11b which has an impu- 
rity concentration lower than that in the n-type semicon- 
ductor layer 11a. That is, the impurity concentration in 
the first drift layer 11 changes stepwise. 
[0080] In this case, the impurity concentration in the 
n--type semiconductor layer 1 1 b is preferably lower than 
that in a second drift layer 19. The impurity concentra- 
tion in the n-type semiconductor layer 11a preferably 
has an intermediate value between the impurity concen- 
tration in the n--type semiconductor layer 11b and that 
in a drain layer 1 0 and is preferably equal to or about 
three times the impurity concentration in the second drift 
layer 19. 

[0081] In the power MOS transistor according to this 
embodiment, the first drift layer 11 includes the n-type 
semiconductor layer 1 1 a and nMype semiconductor lay- 
er 11b. The n-type semiconductor layer 11a has an im- 
purity concentration lower than that in the drain layer 10. 
Hence, a region where a depletion layer spreads can 
easily be controlled. Consequently, a soft recovery char- 
acteristic of an internal diode can more easily be ob- 
tained. 

[0082] In the above example, the impurity concentra- 
tion in the first drift layer 11 is changed in two steps. 
However, the concentration may be changed in three or 
more steps. Alternatively, the first drift layer may have 
a concentration gradient such that the impurity concen- 
tration gradually changes. 

<Sixth Embodiment 

[0083] A semiconductor device according to the sixth 
embodiment of the present invention will be described 



next with reference to FIGS. 10A to 10C. FIG. 1 0A is a 
sectional view of a power MOS transistor according to 
this embodiment. FIGS. 1 0B and 10C show the impurity 
concentration profile along the depth-direction in the 
drift layer of the MOS transistor shown in FIG. 10A. 
[0084] As shown in FIG. 1 0A, in the power MOS tran- 
sistor according to this embodiment, a first drift layer 11 
has a two-layered structure in the structure according to 
the second embodiment. More specifically, the first drift 
layer 11 includes an nMype semiconductor layer 11c 
and an n-type semiconductor layer 11 d which has an 
impurity concentration higher than that in the nMype 
semiconductor layer 11c. That is, the impurity concen- 
tration in the first drift layer 11 changes stepwise. How- 
ever, the direction of change is reverse to the fifth em- 
bodiment. 

[0085] In this case, the impurity concentration in the 
n--type semiconductor layer 11c is preferably lower than 
that in a second drift layer 19. The impurity concentra- 
tion in the n-type semiconductor layer 11d preferably 
has an intermediate value between the impurity concen- 
tration in the n--type semiconductor layer 11c and that 
in a drain layer 10 and is preferably equal to or about 
three times the impurity concentration in the second drift 
layer 19. 

[0086] With the above structure, a depletion layer 
hardly spreads to the n-type semiconductor layer 11 d. 
The nMype semiconductor layer 11c can be moderately 
depleted. This contributes to make the recovery char- 
acteristic of an internal diode soft. 
[0087] In the above example, the impurity concentra- 
tion in the first drift layer 11 is changed in two steps. 
However, the impurity concentration may be changed in 
three or more steps. Alternatively, the first drift layer may 
have a concentration gradient such that the impurity 
concentration gradually changes. 

<Seventh Embodiment 

[0088] A semiconductor device according to the sev- 
enth embodiment of the present invention will be de- 
scribed next. 

[0089] The semiconductor device according to this 
embodiment has the structure shown in FIG. 2 de- 
scribed in the first embodiment. A RESURF layer 1 8 has 
an impurity concentration 0.87 to 1 .5 times higher than 
that in a second drift layer 19. 
[0090] In the power MOS transistor according to this 
embodiment, the impurity concentration in the RESURF 
layer 18 is optimized, and the breakdown voltage can 
sufficiently increase. This point will be described in detail 
with reference to FIG. 11 . FIG. 11 is a graph showing a 
change in breakdown voltage with respect to the shift 
amount of the impurity concentration between the sec- 
ond drift layer 19 and the RESURF layer 18. 
[0091] The design values of the layers in a MOS tran- 
sistor having the characteristic shown in FIG. 11 are as 
follows. A base layer 12 has an impurity concentration 
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of 1 x 10 17 cnr 3 and is formed at a depth of 2.0 urn. A 
source layer 13 has an impurity concentration of 1 x 
10 20 cm- 3 and is formed at a depth of 0.2 urn. A drain 
layer 10 has an impurity concentration of 6 x 10 18 cnv 3 
and a thickness of 200 u.m. A first drift layer 11 has an 5 
impurity concentration of 5 x 10 14 cm- 3 and a thickness 
of 25 urn. Both the second drift layer 19 and the RE- 
SURF layer 18 have an impurity concentration of 1 .5 x 
10 15 cm" 3 , a thickness of 25 urn, and a width of 8 u.m. 
[0092] A power MOS transistor whose rated voltage * o 
is 600V is formed by designing the layers with the above 
values. Each of a superjunction portion and the first drift 
layer 1 1 shares a breakdown voltage of 300V. These val- 
ues are mere examples and are not limited. 
[0093] Normally, the p-type RESURF layer 18 and 15 
second drift layer 19, which form a superjunction struc- 
ture, are formed to have almost the same impurity con- 
centration. If a shift in impurity dose is generated be- 
tween these layers, the breakdown voltage changes. As 
shown in FIG. 1 1 , when the impurity concentration in the 20 
RESURF layer 18 is higher than that in the second drift 
layer 19 by 10%, i.e., the RESURF layer 18 has an im- 
purity concentration 1.1 times higher than that in the 
second drift layer 19, the breakdown voltage takes a 
maximum value. From this point, the breakdown voltage 25 
decreases as the shift in impurity concentration increas- 
es. When the impurity concentration in the RESURF lay- 
er 18 decreases by 13% or more or increases by 50% 
or more, the breakdown voltage is 650V or less. That is, 
to obtain a breakdown voltage of 650V or more in the 30 
MOS transistor, the impurity concentration in the RE- 
SURF layer 18 must fall within the range of 0.87 to 1.5 
times that in the second drift layer 1 9. When the impurity 
concentration in the RESURF layer 18 is designed in 
this range, a breakdown voltage of 650V is obtained. 35 
Hence, the MOS transistor having a rated voltage of 
600V can have a sufficient breakdown voltage margin. 
[0094] In this embodiment, the carrier conducting lay- 
er includes the first drift layer 11 and superjunction por- 
tion, as in the first embodiment. A structure having no *o 
first drift layer 11 can further reduce the ON resistance, 
as a matter of course. In this case, however, the super- 
junction structure must be formed deep in order to hold 
the breakdown voltage. Hence, the structure is hard to 
form. In addition, as described in "BACKGROUND OF 45 
THE INVENTION", the recovery characteristic of an in- 
ternal diode becomes hard. Furthermore, if the break- 
down voltage is to be held only by a superjunction struc- 
ture, the breakdown voltage considerably decreases 
due to a change in charge balance. However, in the so 
structure of this embodiment, the breakdown voltage is 
shared by the superjunction portion and first drift layer 
11 . Hence, even when the charge balance at the super- 
junction portion is lost, a decrease in breakdown voltage 
is minimum. For example, when the superjunction por- 55 
tion holds half of the whole breakdown voltage, the de- 
crease in breakdown voltage can be suppressed to 
about 0.6 times that when the superjunction portion 



holds the whole breakdown voltage. Even when the 
charge balance is lost, a sufficient breakdown voltage 
can be held by designing the impurity concentration in 
the RESURF layer 18 to a value 0.87 to 1.5 times that 
in the second drift layer 19. That is, since the first drift 
layer is added, any adverse influence that may occur 
when a cause for a decrease in breakdown voltage is 
generated in the superjunction portion can be reduced. 
From the viewpoint of the impurity concentration in the 
superjunction portion, the impurity concentration in the 
RESURF layer can have a shift within the range of 0.87 
to 1 .5 times that in the second drift layer 1 9 because the 
first drift layer is formed. 

[0095] As described above, when the first drift layer 
11 is made thick, the breakdown voltage shared by the 
first drift layer 11 increases, and the ON resistance in- 
creases. However, the influence of a decrease in break- 
down voltage due to the charge balance in the super- 
junction structure can be reduced. To the contrary, when 
the first drift layer 11 is made thin, the ON resistance 
decreases. Hence, in this embodiment as well, to im- 
prove the recovery characteristic of an internal diode 
while reducing the ON resistance, the ratio of the first 
drift layer 11 to the thickness of the carrier conducting 
layer (the sum of thicknesses of the first and second drift 
layers) is preferably 0.21 to 0.8, as described in the first 
embodiment. 

[0096] The MOS transistor of this embodiment can be 
manufactured by the method shown in FIGS. 5A to 5E 
or FIGS. 7A to 7E. 

<Eighth Embodiment 

[0097] A semiconductor device according to the 
eighth embodiment of the present invention will be de- 
scribed next. 

[0098] In a power MOS transistor according to this 
embodiment, the depth of a RESURF layer 18 is de- 
signed such that the difference between the depth of a 
RESURF layer 18 and the depth of a second drift layer 
19 within the range of ±5% of the depth of the second 
drift layer 19 in the structure described in the seventh 
embodiment. 

[0099] According to the power MOS transistor with the 
above structure, an increase in breakdown voltage and 
reduction in ON resistance can be simultaneously real- 
ized. This point will be described below in detail with ref- 
erence to FIG. 12. FIG. 12 shows the relationship be- 
tween the breakdown voltage and the shift amount of 
the depth of the RESURF layer 18 with respect to that 
of a second drift layer 19. 

[0100] As described above, the RESURF layer 1 8 can 
be formed by repeating ion implantation or by implanting 
ions into the side wall of a trench and burying a p-type 
semiconductor layer in the trench. In this step of forming 
the RESURF layer 18, the depth may sometimes vary. 
[0101] As shown in FIG. 12, when the depth of the 
RESURF layer 18 increases, the superjunction struc- 
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ture becomes deep. For this reason, the breakdown 
voltage increases. However, since a portion in a first drift 
layer 11, through which electrons can run, becomes 
small, the ON resistance also increases. Conversely, 
when the depth of the RESURF layer 1 8 decreases, the 5 
breakdown voltage decreases. However, the ON resist- 
ance also decreases. Hence, when the shift amount of 
the depth of the RESURF layer 18 with respect to that 
of the second drift layer 19 falls within the range of ±5% 
of the depth of the second drift layer 19, a power MOS 
transistor having a breakdown voltage of 650V or more 
and an ON resistance of 60 mQcm 2 or less can be im- 
plemented. That is, as described above, since the first 
drift layer is added, any adverse influence that may oc- 
cur when a cause for a decrease in breakdown voltage 
is generated in the superjunction portion can be re- 
duced. From the viewpoint of the depth of the RESURF 
layer, the depth of the RESURF layer can have a shift 
within the range of ±5% of the depth of the second drift 
layer because the first drift layer is formed. 

<Ninth Embodiment 

[0102] A semiconductor device according to the ninth 
embodiment of the present invention will be described 
next. 

[0103] In a power MOS transistor according to this 
embodiment, the impurity concentration in a RESURF 
layer 1 8 is set to 1 to 1 .3 times that in a second drift layer 
19, and the depth is set to 0.95 to 1 .05 times. 
[0104] According to the power MOS transistor with the 
above structure, an increase in breakdown voltage and 
reduction in ON resistance can be simultaneously real- 
ized. This point will be described below in detail with ref- 
erence to FIGS. 13A and 13B. FIG. 13A shows the re- 
lationship between the ON resistance and the shift 
amounts of the depth and impurity concentration of the 
RESURF layer 18 with respect to those of the second 
drift layer 19. FIG. 13B shows the relationship between 
the breakdown voltage and the shift amounts of the 
depth and impurity concentration of the RESURF layer 
18 with respect to those of the second drift layer 19. 
[0105] As described above, the depth and impurity 
concentration of the RESURF layer 18 influence the 
breakdown voltage and ON resistance. As shown in 
FIGS. 13A and 13B, especially, the breakdown voltage 
and ON resistance greatly depend on the depth of the 
RESURF layer 18. Hence, when the impurity concen- 
tration in the RESURF layer 18 is set to 1 to 1.3 times 
that in the second drift layer, and the depth is set to 0.95 
to 1 .05 times, a power MOS transistor having a break- 
down voltage of 650V or more and an ON resistance of 
60 mftcm 2 or less can be implemented. These ranges 
correspond to hatched regions in FIGS. 13A and 13B. 
In other words, the design margin to implement a MOS 
transistor having a breakdown voltage of 650V or more 
and an ON resistance of 60 mftcm 2 or less can be wid- 
ened to the ranges shown in FIGS. 13A and 13B be- 



cause the first drift layer 11 is formed. 
[0106] The relationship between the RESURF layer 
18 and the second drift layer 19 in the seventh to ninth 
embodiments is not always limited to a 600-V MOS tran- 
sistor. Even when the rated voltage changes, the rela- 
tionship almost holds. These structures can be applied 
not only to the structure described in the first embodi- 
ment but also to the power MOS transistors described 
in the second to sixth embodiments. 

<10th Embodiment 

[0107] A semiconductor device according to the 1 0th 
embodiment of the present invention will be described 
next with reference to FIG. 14. FIG. 14 is a sectional 
view of a power MOS transistor according to this em- 
bodiment. 

[0108] As shown in FIG. 14, in the power MOS tran- 
sistor according to this embodiment, n + -type semicon- 
ductor layers 25 are formed in a first drift layer 11 in the 
structure according to the first embodiment shown in 
FIG. 2. The n + -type semiconductor layers 25 are peri- 
odically formed on a drain layer 10 in the horizontal di- 
rection. The n + -type semiconductor layer 25 has an im- 
purity concentration higher than that in the first drift layer 
11 and functions as part of the drain layer. 
[0109] When the n + -type semiconductor layers 25 are 
formed, the interface between the first drift layer 11 and 
the drain layers 10 and 25 has an uneven pattern. Many 
hole carriers that contribute to the recovery current of 
an internal diode are accumulated in the recessed por- 
tions. Since the carriers moderately flow through the de- 
pletion layer after reverse recovery, the recovery char- 
acteristic can be made soft. If the thickness of the first 
drift layer 11 is kept unchanged, the ON resistance can 
be reduced by increasing the occupation ratio of the n + - 
type semiconductor layer 25 in the direction of depth, i. 
e., making the nMype semiconductor layer 25 thick. 
This is because when the n + -type semiconductor layer 
25 becomes thick, the first drift layer 11 can be regarded 
to be thin. 

[0110] FIGS. 15A to 15D are sectional views sequen- 
tially showing steps in manufacturing the power MOS 
transistor shown in FIG. 14. 

[0111] First, as shown in FIG. 15A, an n--type semi- 
conductor layer 11 e serving as part of the first drift layer 
11 is formed on the n + -type semiconductor substrate 
(drain layer) 10. 

[0112] As shown in FIG. 15B, a mask material 26 is 
formed on the n--type semiconductor layer 11e. The 
mask material 26 on a region where the drain layer 25 
is to be formed is removed by photolithography and 
etching. After that, an n-type impurity such as phospho- 
rus is ion-implanted into the drift layer 11e. 
[0113] As shown in FIG. 1 5C, an nMype semiconduc- 
tor layer 11f serving as part of the first drift layer is 
formed on the n - -type semiconductor layer 11e. At this 
time, the impurity doped in the step described in FIG. 



15 



20 



25 



30 



35 



40 



45 



50 



13 



25 



EP1 267 415 A2 



26 



15B is diffused to form the n + -type semiconductor layer 
25 which functions as part of the drain layer. 
[0114] After that, the steps shown in FIGS. 5A to 5E 
are executed to form the structure shown in FIG. 15D. 
The steps shown in FIGS. 7A to 7E may be executed. 5 
[0115] The step of alternately arranging the first drift 
layers 11 and drain layers 25 in the horizontal direction 
is not limited to the above example. Instead, trenches 
may be selectively formed in the n + -type semiconductor 
substrate 10, and the nMype semiconductor layers 25 
may be buried in the trenches. 
[0116] The period of drain layers 25 arranged in the 
horizontal direction need not always be the same as the 
period of the superjunction structures. The horizontal 
width of the drain layer 25 may also have no relation to 
the pitch of the superjunction structures. 

<11th Embodiment 

[0117] A semiconductor device according to the 1 1 th 
embodiment of the present invention will be described 
next with reference to FIG. 16. FIG. 16 is a sectional 
view of a power MOS transistor according to this em- 
bodiment. 

[0118] As shown in FIG. 1 6, the power MOS transistor 
according to this embodiment has a superjunction struc- 
ture described in the first embodiment not only in an el- 
ement region but also at an element terminating portion. 
A field plate 28 is formed on the superjunction structure 
with an insulating film 27 at the element terminating por- 
tion. The field plate 28 is formed from a conductive film 
such as a metal film or semiconductor film. An n-type 
channel stopper layer 29 which stops spread of a deple- 
tion layer is formed at the outermost periphery of the 
element terminating portion. 

[01 1 9] According to the arrangement of this embodi- 
ment, when a high voltage is applied, the superjunction 
structure portion at the element terminating portion is 
quickly depleted by the effect of the field plate 28 and 
equivalently changes to a lightly-doped impurity layer. 
For this reason, concentration of the electric field at the 
element terminating portion is suppressed, and the 
breakdown voltage is held. Even when a RESURF layer 
is formed on the surface of the element terminating por- 
tion, the superjunction portion is quickly depleted as in 
the case wherein the field plate 28 is formed, and the 
same effect as described above can be obtained. In this 
embodiment, the superjunction structure shown in FIG. 
2 described in the first embodiment has been exempli- 
fied. However, the 11th embodiment can also be applied 
to the structures described in the second to 10th em- 
bodiments. 

<12th Embodiment 

[0120] A semiconductor device according to the 12th 
embodiment of the present invention will be described 
next with reference to FIG. 17. FIG. 17 is a sectional 



view of a power MOS transistor according to this em- 
bodiment. 

[0121] As shown in FIG. 17, in the power MOS tran- 
sistor according to this embodiment, a superjunction 
structure described in the first embodiment is formed at 
the element region. An n'-type semiconductor layer 30 
is formed on a first drift layer 11 at the element terminat- 
ing portion. A plurality of guard rings 31 are formed in 
the surface region of the nMype semiconductor layer 30. 
[0122] According to this arrangement, when the im- 
purity concentration in the n--type semiconductor layer 
30 is set sufficiently low, the electric field in the horizontal 
direction is relaxed, and a decrease in breakdown volt- 
age at the element terminating portion is suppressed. 
Especially, to quickly deplete the semiconductor layer 
30, its impurity concentration is preferably lower than 
that in the first drift layer 1 1 . The superjunction structure 
at the element region need not always be the structure 
according to the first embodiment. It may be any one of 
the structures described in the second to 10th embodi- 
ments. 

<13th Embodiment 

[01 23] A semiconductor device according to the 1 3th 
embodiment of the present invention will be described 
next with reference to FIG. 18. FIG. 18 is a sectional 
view of a power MOS transistor according to this em- 
bodiment. In this embodiment, the superjunction struc- 
ture according to the first embodiment is applied to a 
lateral power MOS transistor. 
[0124] As shown in FIG. 18, a semiconductor layer 32 
having a low impurity concentration is formed on an n'-- 
type drain layer 1 0a. A p-type RESURF layer 18 and n- 
type first drift layer 1 1 are selectively formed on the sem- 
iconductor layer 32. The RESURF layers 1 8 and first 
drift layers 11 are periodically arranged in the horizontal 
direction. An n-type second drift layer 19 is formed on 
the RESURF layer 18. The RESURF layer 18 and sec- 
ond drift layer 19 form a superjunction structure. A p- 
type base layer 12 is formed in the surface of the super- 
junction structure. An n + -type source layer 13 is formed 
in the surface region of the base layer 12. An n + -type 
drain layer 1 0b is formed in the surface region of the first 
drift layer 11 while being separated from the superjunc- 
tion structure. 

[0125] A gate electrode 15 is formed at least on the 
base layer between a source layer 13 and the second 
drift layer 19 with a gate insulating film 14 interposed 
therebetween. A drain electrode 16 is formed on the 
drain layer 10b. A source electrode 17 is formed in con- 
tact with the source layer 13 and base layer 12. 
[0126] Even in a lateral power MOS transistor, when 
a superjunction structure is used for a drift layer, the 
same problem as in a vertical power MOS transistor is 
posed. That is, the recovery characteristic of an internal 
diode is hard. 

[01 27] However, according to the arrangement of this 
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embodiment, since the first drift layer 11 is present be- 
tween the drain layer 10b and the superjunction struc- 
ture, the effect described in the first to 11th embodi- 
ments can be obtained. That is, a soft recovery charac- 
teristic can be obtained while keeping the ON resistance 5 
low. 

[0128] In FIG. 18, the superjunction structure includes 
one stage of p-n junction cells. However, two or more 
stages may be formed. Additionally, in FIG. 18, the p-n 
junction cells in the superjunction structure are stacked. 
However, the p-n junction cells may be formed in the 
planar direction. 

[0129] In FIG. 18, the nMype drain layer 10a is 
formed under the wafer. However, the drain layer 10a 
may be omitted. The wafer may be an SOI (Silicon On 
Insulator) wafer. In this case, the lightly-doped impurity 
layer 32 can be omitted. 

[0130] When a trench gate is formed as a MOS gate 
structure, and a plurality of stages of superjunction 
structures are stacked to increase the layer area, the 
ON resistance can be reduced. 

<14th Embodiment 

[0131] A semiconductor device according to the 14th 
embodiment of the present invention will be described 
next with reference to FIG. 19A. FIG. 19A is a sectional 
view of a power MOS transistor according to this em- 
bodiment. 

[0132] As shown in FIG. 19A, an n--type first drift layer 
11 is formed on an n + -type drain layer 10. A plurality of 
p-type RESURF layers 18 are formed in the surface re- 
gion of the first drift layer 1 1 . The RESURF layers 1 8 are 
periodically arranged while being separated from each 
other. An n--type second drift layer 33 is formed in a re- 
gion sandwiched between the RESURF layers 18. P- 
type base layers 1 2 are selectively formed in the surface 
regions of the first and second drift layers 1 1 and 33 and 
RESURF layers 1 8. N + -type source layers 1 3 are selec- 
tively formed in the surface region of each base layer 
12. A gate electrode 15 is formed on the second drift 
layer 33 and base layers 12 between adjacent source 
layers 13 with a gate insulating film 14 interposed ther- 
ebetween. Source electrodes 17 are formed on the 
source layers 13 and base layers 12. A drain electrode 
16 is formed on the lower surface of the drain layer 10. 
[0133] The impurity concentration in the drain layer 1 0 
of the power MOS transistor having the above structure 
is, e.g., 6 x 10 18 cnr 3 . The thickness of the drain layer 
10 is about 200 urn. The impurity concentration in the 
first drift region 11 is, e.g., 2 x 10 15 cnr 3 . The thickness 
of the first drift region 11 is about 50 \irr\. The impurity 
concentration in the base layer 12 is, e.g., 3 x 10 17 cnrr 3 . 
The base layer 12 is formed to a depth of about 2 \im 
from the surface of the drift layer 11 . The impurity con- 
centration in the source layer 13 is, e.g., 1 x 10 20 cnr 3 . 
The source layer 13 is formed to a depth of about 0.2 
Urn from the surface of the base layer 12. The impurity 



concentration in both the RESURF layer 1 8 and the sec- 
ond drift layer 33 is, e.g., 2 x 10 15 cm- 3 . These layers 
have a width of about 4 urn. The gate insulating film 14 
is, e.g., a silicon oxide film (Si0 2 ) and has a thickness 
of about 0.1 ^im. 

[01 34] FIG. 1 9B is a plan view taken along a line 1 9B 
- 19B in FIG. 19A. FIG. 19B shows the layout relation- 
ship between the first and second drift layers 11 and 33 
and the RESURF layers 18. 

[0135] As shown in FIG. 19B, the RESURF layer 18 
has an almost annular planar shape and is buried in a 
direction perpendicular to the in-plane direction of the 
drift layer 11. The second drift layer 33 is formed in an 
inner region surrounded by the almost annular RESURF 
layer 18. Hence, the RESURF layer 18 is in contact with 
the second drift layer 33 at the inner periphery and also 
in contact with the first drift layer 11 at the outer periph- 
ery. The RESURF layer 1 8 and the first and second drift 
layers 11 and 33 form a superjunction structure. 
[0136] The planar shape of the RESURF layer 18 is 
not limited to that shown in FIG. 19B. For example, the 
RESURF layer 18 may have an elliptical, flat circular, or 
polygonal planar shape, or an indeterminate peripheral 
shape. 

[0137] FIG. 19C shows another planar shape of the 
RESURF layer 1 8. FIG. 1 9C corresponds to a plan view 
taken along a line 19B - 19B in FIG. 19A. As shown in 
FIG. 19C, the RESURF layers 18 are formed into par- 
allel plates which sandwich the second drift layer 33. 
The RESURF layer 1 8 need not always completely sur- 
round the second drift layer 33. In this case as well, the 
shape of the RESURF layer 18 is not limited to a flat 
plate shape and may be a flat circular shape. 
[0138] A method of manufacturing the vertical power 
MOS transistor having the above structure will be de- 
scribed next with reference to FIGS. 20A to 20E. FIGS. 
20A to 20E are sectional views sequentially showing 
steps in manufacturing the MOS transistor. 
[0139] First, as shown in FIG. 20A, a trench TG is 
formed in the surface region of the n--type first drift layer 
11 by anisotropic etching such as RIE (Reactive Ion 
Etching). 

[0140] As shown in FIG. 20B, a p-type impurity is 
doped into the inner wall of the trench TG. To dope a p- 
type impurity, e.g., boron or the like is obliquely ion-im- 
planted. However, the manufacturing method according 
to this embodiment is not limited to ion implantation. For 
example, vapor phase diffusion or solid phase diffusion 
may be used. By thus doping an impurity, a prospective 
portion of a p-type RESURF layer 18 can be formed. 
[0141] Hence, the opening shape of the trench TG is 
appropriately determined in accordance with the shape 
of the RESURF layer 1 8. For example, to form the struc- 
ture shown in FIG. 19B, a trench TG having a circular 
opening shape conforming to the inner peripheral shape 
of the almost annular RESURF layer 18 (i.e., the outer 
peripheral shape of the second drift layer 33) is formed. 
To form the structure shown in FIG. 19C, a trench TG 
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having a rectangular opening shape conforming to the 
interval portion between each pair of RESURF layers 
18 (i.e., the outer peripheral shape of the second drift 
layer 33) is formed. 

[0142] The method of implanting an impurity can also 5 
be appropriately determined in accordance with the 
shape of the RESURF layer 18. For example, to form 
the structure shown in FIG. 19B, an impurity must be 
uniformly doped into the inner wall of a circular trench 
TG. If ion implantation from oblique directions is to be 10 
used, the entire inner wall of the trench TG must be ir- 
radiated with ions by, e.g., rotating the wafer. When va- 
por phase diffusion or solid phase diffusion is to be used, 
an impurity is just diffused. 

[0143] On the other hand, to form the structure shown 
in FIG. 19C, an impurity must be doped into only a pair 
of side walls of a rectangular trench TG. If ion implanta- 
tion from oblique directions is to be used, each of oppo- 
site side walls in the trench is obliquely irradiated with 
ions without rotating the wafer. When vapor phase dif- 
fusion or solid phase diffusion is to be used, side walls 
and bottom portion of the trench TG, which is not doped 
with an impurity, is preferably masked in advance, or un- 
necessary RESURF layer 18 is removed by etching. 
[0144] In the example shown in FIG. 19C, combina- 
tions of the p-type RESURF layers 18 and nMype sec- 
ond drift layers 33 are laid out in a matrix. However, the 
p-type RESURF layers 1 8 and n"-type second drift lay- 
ers 33 may be laid out in stripes over the element region. 
[0145] After the impurity is doped in the above way, 
as shown in FIG. 20C, activation annealing is per- 
formed. As a result of annealing, the doped p-type im- 
purity is activated. Hence, the p-type RESURF layers 
18 are formed as shown in FIG. 20C. 
[0146] As shown in FIG. 20D, a crystal growth is per- 
formed to fill the trench TG. The n--type second drift lay- 
er 33 is formed in the trench by CVD (chemical vapor 
deposition) using, e.g., siiane (SiH4) gas. 
[0147] As shown in FIG. 20E, the surface of the wafer 
is planarized. The second drift layer 33 and RESURF 
layers 18 are polished and planarized by, e.g., CMP 
(Chemical Mechanical Polishing) until the first drift layer 
11 is exposed, thereby obtaining the structure shown in 
FIG. 20E. 

[0148] Next, a MOS structure is formed on the wafer 
surface by a known method. More specifically, the sur- 
faces of the first and second drift layers 11 and 33 and 
RESURF layers 18 are thermally oxidized to form the 
gate insulating film 14. Polysilicon is deposited on the 
surface of the gate insulating film 14 and patterned by 
photolithography and etching to form the gate electrode 
15. A p-type impurity such as boron is ion-implanted to 
form the base layers 12. The base layers 12 are selec- 
tively formed because the gate electrode 15 serves as 
a mask. The insulating film 14 is removed. An n-type 
impurity such as arsenic is ion-implanted to form the n + - 
type source layers 1 3 in the surface region of each base 
layer 12. Aluminum is deposited on the source layers 



13 and base layer 12 and patterned to form the source 
electrode 1 7. 

[0149] With the above process, the vertical power 
MOS transistor shown in FIG. 19A is completed. 
[0150] According to the above manufacturing meth- 
od, the trench TG having a width corresponding to the 
interval between adjacent RESURF layers 1 8 is formed. 
After the RESURF layers 18 are formed in the inner 
walls of the trench, the second drift layer 33 is formed 
in the trench. Hence, in the step of forming the RESURF 
layers 18, the cumbersomeness of repeating crystal 
growth and ion implantation a plurality of number of 
times can be eliminated. Simultaneously, the RESURF 
layers 18 and drift layers 11 and 33 are not divided by 
the crystal interfaces. Hence, any decrease in break- 
down voltage or degradation in electrical characteristics 
can be prevented. 

[0151] If a thin and deep trench TG is formed in cor- 
respondence with each RESURF layer 18, it becomes 
difficult to carry out the step of forming the second drift 
layer 33 in the trench TG. However, according to this 
embodiment, a wide trench TG corresponding to the in- 
terval between adjacent RESURF layers 18 is formed. 
For this reason, the second drift layer 33 can properly 
and easily be formed in the trench TG. The trench TG 
can be made narrow as long as burying the trench TG 
is possible. Hence, as compared to a case wherein 
trenches corresponding to the individual RESURF lay- 
ers 18 are formed, the layout pitch of the RESURF lay- 
ers 18 can be reduced. 

[01 52] That is, as compared to the method of forming 
a trench and then burying the RESURF layer 18 in the 
trench, the repetitive period of n-type drift layer and p- 
type RESURF layer can be halved in this embodiment. 
As a consequence, the impurity concentrations in the 
first and second drift layers 11 and 33 can be increased 
to two times those in the prior art. Hence, the ON resist- 
ance of the power MOS transistor can be halved. This 
point will be described with reference to FIGS. 20F and 
20G. FIGS. 20F and 20G are sectional views of super- 
junction structures. In FIG. 20F, a RESURF layer is bur- 
ied in trenches. In FIG. 20G, a drift layer is buried in 
trenches, as described in this embodiment. Each bold 
line in FIGS. 20F and 20G indicates the boundary be- 
tween a layer and trenches. In FIGS. 20F and 20G, the 
trenches are formed at the same pitch. 
[0153] As shown in FIG. 20F, when the p-type RE- 
SURF layer 18 is buried in the trenches, only the drift 
layer 11 is present in the region between adjacent 
trenches. Hence, two semiconductor elements (2 cells) 
are formed between the RESURF layers 18 buried in 
the two trenches. 

[0154] However, in the manufacturing method ac- 
cording to this embodiment, as shown in FIG. 20G, the 
second drift layer 33 is buried in the trenches. The RE- 
SURF layers 18 are formed in the side walls of the 
trenches by, e.g., ion implantation. Hence, two RESURF 
layers 18 and the first drift layer 11 are present in the 
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region between adjacent trenches. At this time, four 
semiconductor elements (4 cells) are formed between 
the second drift layers 33 buried in the two trenches. 
That is, the width per semiconductor element can be 
halved as compared to the case shown in FIG. 20F. In 
other words, when trenches are formed at the same 
pitch as in FIG. 20F, the degree of integration can be 
doubled as compared to the structure shown in FIG. 
20R 

[0155] In addition, according to this embodiment, for 
the drift layer surrounding the RESURF layer 1 8, the im- 
purity concentrations in the first drift layer 1 1 and second 
drift layer 33 can be independently set That is, it is ad- 
vantageous because the degree of freedom of device 
design increases. For example, when the impurity con- 
centration in the first drift layer 11 is lower than that in 
the second drift layer 33, the same effects as those of 
the semiconductor element described in the first embod- 
iment can be obtained. 

[0156] The above-described manufacturing method 
of this embodiment can be applied not only to a power 
MOS transistor but also to any semiconductor element 
which requires a region of a given conductivity type to 
be buried in a semiconductor having a conductivity type 
opposite to the given conductivity type so as to obtain 
the same effect as described above. In this embodi- 
ment, the drain layer 10 is omitted. However, it may be 
formed as needed. For example, an n + -type semicon- 
ductor substrate may be used as a drain layer, and a 
first drift layer may be formed by implanting an impurity 
into the surface of the drain layer. The first drift layer 
may be deposited on the drain layer 10. Alternatively, 
an n--type semiconductor substrate may be used as the 
first drift layer 1 1 , and the drain layer 1 0 may be formed 
on the lower surface of the first drift layer 11 . 

<15th Embodiment 

[01 57] A semiconductor device according to the 1 5th 
embodiment of the present invention will be described 
next with reference to FIG. 21. FIG. 21 is a sectional 
view schematically showing the structure of a power 
MOS transistor according to this embodiment. 
[0158] As shown in FIG. 21, the MOS transistor ac- 
cording to this embodiment also has an insulating film 
34 at the center of a drift layer 33 in the structure ac- 
cording to the 14th embodiment. 
[01 59] A method of manufacturing the MOS transistor 
shown in FIG. 21 will be described with reference to 
FIGS. 22A to 22C. FIGS. 22A to 22C are sectional views 
sequentially showing steps in manufacturing the MOS 
transistor shown in FIG. 21. 

[0160] First, the structure shown in FIG. 20C is ob- 
tained by the process described in the 14th embodi- 
ment. Next, as shown in FIG. 22A, the second drift layer 
33 is formed on the RESURF layers 18 by crystal 
growth. At this time, a trench TG is not fully filled with 
the second drift layer 33. 



[0161] As shown in FIG. 22B, thermal oxidation is per- 
formed to oxidize the surface of the second drift layer 
33. As a result, the unfilled portion of the trench is filled 
with the insulating film (Si0 2 ) 34 formed by oxidation. 

5 The insulating film 34 need not always be formed by 
thermal oxidation. It may be deposited by, e.g., CVD. 
[0162] Next, the insulating film 34, second drift layer 
33, and RESURF layers 18 are polished and planarized 
to obtain the structure shown in FIG. 22C. After that, a 

10 vertical power MOS transistor shown in FIG. 21 is com- 
pleted by a known MOS process. 
[0163] With the above manufacturing method, since 
the oxide film 34 is formed, the growth interface of the 
second drift layer 33 can be terminated to a stable state, 

15 and any leakage current or decrease in breakdown volt- 
age can be suppressed. This point will be described be- 
low. 

[01 64] In the step of forming the second drift layer 33, 
crystals grow from opposite inner walls of the trench TG 

20 and finally hit each other at the center of the second drift 
layer 33. That is, since a growth interface is formed at 
the center of the second drift layer 33, a number of crys- 
tal defects are present. This may generate a leakage 
current or decrease the breakdown voltage. 

25 [0165] In this embodiment, to decrease the number of 
defects, crystal growth is stopped before the second drift 
layer completely fills the trench. Then, thermal oxidation 
is performed to completely fill the unfilled portion in the 
trench with the oxide film 34. As a result, the interface 

30 in the second drift layer 33 is terminated by the insulating 
film 34 to form a stable interface. Hence, the leakage 
current can be suppressed. The insulating film 34 need 
not always be formed from a Si0 2 film. Even when a 
nitride film or any other compound is used, the same 

35 effect as described above can be obtained. 

<16th Embodiment 

[0166] A method of manufacturing a semiconductor 

40 device according to the 1 6th embodiment of the present 
invention will be described next with reference to FIGS. 
23A and 23B. FIGS. 23A and 23B are sectional views 
sequentially showing steps in manufacturing a power 
MOS transistor according to this embodiment. 

^5 [0167] First, the structure shown in FIG. 22A is ob- 
tained by the process described in the 15th embodi- 
ment. That is, before a trench TG is completely filled with 
a second drift layer 33, crystal growth of the second drift 
layer 33 is stopped. 

50 [0168] Next, high-temperature annealing in a hydro- 
gen atmosphere is executed. As a result, silicon atoms 
near the surface of the second drift layer 33 are diffused 
to fill and planarized the unfilled portion of the trench 
TG. Thus, the number of crystal defects at the interface 

55 in the second drift layer 33 is decreased. When the 
trench TG is filled using high-temperature annealing in 
a hydrogen atmosphere, cavities 35 may be formed, as 
shown in FIG. 23A. However, since silicon atoms in the 
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inner wall surface of each cavity 35 are terminated by 
hydrogen atoms, the number of defects such as dan- 
gling bonds can be reduced. 
[0169] After this step, as shown in FIG. 23B. the sec- 
ond drift layer 33 and RESURF layers 18 are polished 
and planarized. Then, the structure shown in FIG. 19A 
is completed by a known MOS process. 
[0170] Even when the RESURF layers 1 8 are formed 
by forming the trench TG and then burying a p-type sem- 
iconductor in the trench TG, crystal growth of the p-type 
semiconductor can be stopped before the trench is com- 
pletely filled. Then, the trench can be planarized by a 
high-temperature treatment in a hydrogen atmosphere. 
In this case as well, the number of defects at the inter- 
face can be reduced. 

<17th Embodiment 

[0171] A method of manufacturing a semiconductor 
device according to the 1 7th embodiment of the present 
invention will be described next with reference to FIGS. 
24A to 24F. FIGS. 24A to 24F are sectional views se- 
quentially showing steps in manufacturing a vertical 
power MOS transistor according to this embodiment. In 
this embodiment, RESURF layers are "nested". 
[0172] First, the structure shown in FIG. 20C is ob- 
tained by the process described in the 14th embodi- 
ment. Next, as shown in FIG. 24A, a second drift layer 
33 is formed on RESURF layers 1 8 and a first drift layer 
11 at the bottom portion of the trench. At this time, a 
trench TG is not fully filled with the second drift layer 33, 
as shown in FIG. 24A. The thickness of the second drift 
layer 33 can be appropriately determined in accordance 
with the pitch of the RESURF layers 18 to be finally 
formed. 

[0173] As shown in FIG. 24B, a p-type impurity such 
as boron is obliquely ion-implanted into the second drift 
layer 33 again. The p-type impurity is activated by an- 
nealing to form a second RESURF layer 36, as shown 
in FIG. 24C. 

[01 74] As shown in FIG. 24D, an n _ -type semiconduc- 
tor layer 37 is formed on the second RESURF layer 36 
to fill the trench TG. The nMype semiconductor layer 37 
functions as a drift layer (third drift layer). 
[0175] The second and third drift layers 33 and 37 and 
the RESURF layers 18 and 36 are polished and 
planarized to obtain the structure shown in FIG. 24E. 
[0176] After that, the vertical power MOS transistor 
shown in FIG. 24F is completed by a known MOS proc- 
ess. 

[0177] According to the above manufacturing proc- 
ess, the pair of second RESURF layers 36 can be "nest- 
ed" between the pair of RESURF layers 18. When the 
method of this embodiment is used, the cell width of the 
RESURF layer can be controlled by the thickness of 
crystal growth. 



<18th Embodiment 

[0178] A method of manufacturing a semiconductor 
device according to the 1 8th embodiment of the present 

5 invention will be described next with reference to FIGS. 
25A to 25D. FIGS. 25A to 25D are sectional views se- 
quentially showing steps in manufacturing a vertical 
power MOS transistor according to this embodiment. 
[0179] First, the structure shown in FIG. 20C is ob- 

10 tained by the process described in the 14th embodi- 
ment. An n-type impurity such as phosphorus or arsenic 
is implanted into the side walls of RESURF layers 18. 
To implant the impurity, ion implantation from oblique di- 
rections with respect to the side walls of the trench or a 

15 method such as vapor phase diffusion or solid phase 
diffusion can be used. 

[0180] As shown in FIG. 25B, the n-type impurity is 
activated by activation annealing to form second drift 
layers 33. 

20 [0181] When high-temperature annealing is per- 
formed in a hydrogen atmosphere, atoms in the inner 
walls of a trench TG move. The atoms that form the RE- 
SURF layers 1 8 and second drift layers 33 fill the trench 
TG to planarized the surface. As a result, the vertical 

25 RESURF structure shown in FIG. 25C is formed. In 
some cases, cavities 38 may be formed in the second 
drift layer 33. However, as described in the 1 6th embod- 
iment, since atoms in the inner wall surface of each cav- 
ity 38 are terminated by hydrogen atoms, degradation 

30 in electrical characteristic is suppressed. 

[0182] As described above, according to this embod- 
iment, no crystal growth need be executed to fill the 
trench TG. 



[0183] A semiconductor device according to the 1 9th 
embodiment of the present invention will be described 
next with reference to FIG. 26. FIG. 26 is a sectional 

40 view of a vertical power MOS transistor according to this 
embodiment. The MOS transistor has a superjunction 
structure described in the 14th embodiment. In this em- 
bodiment, the impurity concentrations and widths of first 
and second drift layers 11 and 33 are optimized. 

45 [0184] In the power MOS transistor shown in FIG. 26, 
the breakdown voltage is maximized when 

NA-WA = ND1-WD1 + ND2-WD2 

50 

is satisfied, where NA, ND1 , and ND2 are impurity con- 
centrations in a RESURF layer 18 and the first and sec- 
ond drift layers 11 and 33, and WA, WD1 , and WD2 are 
the widths of the RESURF layer 1 8 and first and second 
55 drift layers 11 and 33. 

[0185] That is, the impurity concentrations in the first 
and second drift layers 1 1 and 33 need not always equal. 
For example, when the RESURF layer 18 has an impu- 
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rity concentration of 2 x 10 15 crrr 3 and a width of 4 urn, 
and the first drift layer 11 has an impurity concentration 
of 5 x 10 14 cm* 3 and a width of 2 u.m, the second drift 
layer 33 preferably has an impurity concentration of 3.5 
x 10 15 cm* 3 and a width of 2 urn. 5 
[0186] The widths of the first and second drift layers 
11 and 33 also need not always equal. For example, 
when the RESURF layer 18 has an impurity concentra- 
tion of 1 x 10 15 cm* 3 and a width of 4 u.m, and the first 
drift layer 11 has an impurity concentration of 5 x 10 14 
cm* 3 and a width of 1 urn, the second drift layer 33 pref- 
erably has an impurity concentration of 5 x 10 14 cm* 3 
and a width of 7 jim. 

[0187] In this specification, the "width" of a RESURF 
layer or drift layer means the width in the horizontal di- 
rection in, e.g., FIG. 26. That is, referring to FIG. 26, the 
width of the RESURF layer 18 means the horizontal 
width of the RESURF layer 18 in FIG. 26. When the 
widths are reduced, the impurity concentrations in the 
drift layers and RESURF layer can be increased, and 
the ON resistance can be reduced. 

<20th Embodiment 

[01 88] A semiconductor device according to the 20th 
embodiment of the present invention will be described 
next with reference to FIGS. 27A and 27B. FIG. 27A is 
a plan view of a vertical power MOS transistor according 
to this embodiment. FIG. 27B is a sectional view taken 
along a line 27B - 27B in FIG. 27A. This embodiment is 
related to the structure of an element terminating portion 
of a vertical power MOS transistor. 
[0189] As shown in FIGS. 27A and 27B, superjunction 
structures described in the 14th to 19th embodiments 
are formed in the element region. Even at the element 
terminating portion, the same structures as the super- 
junction structures in the element region are formed and 
surround the element region. 

[0190] More specifically, two pairs of p-type guard ring 
layers 39 are formed in a first drift layer 1 1 at the element 
terminating portion. An n*-type semiconductor layer 40 
is formed between each pair of guard ring layers 39. P- 
type guard ring layers 41 are formed in the surface re- 
gions of the guard ring layers 39 and n-type semicon- 
ductor layers 40 to connect each pairof guard ring layers 
39. 

[0191] That is, the same structure as that of a RE- 
SURF layer 18 in the element region is formed as the 
guard ring 39 at the element terminating portion. A sec- 
ond drift layer in the element region is buried between 
the adjacent guard rings 39 at the element terminating 
portion. Such guard rings 39 and n*-type semiconductor 
layers 40 surround the element region. Elements that 
should be formed on the guard rings 39 and 41 are not 
illustrated in FIG. 27B. 

[0192] The element terminating portion having the 
above structure can be formed simultaneously with the 
element region by a single process. That is, the guard 



rings 39 can be formed simultaneously with the RE- 
SURF layers 18 by a single process. The n*-type semi- 
conductor layers 40 can be formed simultaneously with 
second drift layers 33 by a single process. The guard 
rings 41 can be formed simultaneously with base layers 
12 by a single process. 

[0193] According to the arrangement of this embodi- 
ment, by connecting the guard rings 39 and 41, the ef- 
fective depth of a guard ring can be increased. In addi- 
tion, when the plurality of guard ring layers 39 are con- 
nected, a wide guard ring can be implemented. Conse- 
quently, a terminating structure of the semiconductor 
device that holds a high breakdown voltage can be im- 
plemented. 

[0194] When the impurity concentration in the first drift 
layer 11 is lower than that in the n-type semiconductor 
layer 40, the electric field applied to the guard ring layers 
39 and 41 upon applying a high voltage becomes small. 
Hence, a structure capable of holding a higher break- 
down voltage can be implemented. 

<21st Embodiment 

[0195] A semiconductor device according to the 21st 
embodiment of the present invention will be described 
next with reference to FIGS. 28A and 28B. FIG. 28A is 
a plan view of a vertical power MOS transistor according 
to this embodiment. FIG. 28B is a sectional view taken 
along a line 28B - 28B in FIG. 28A. This embodiment is 
related to the structure of an element terminating portion 
of a vertical power MOS transistor. 
[0196] As shown in FIGS. 28A and 28B, superjunction 
structures described in the 14th to 19th embodiments 
are formed in the element region. Even at the element 
terminating portion, structures similar to the superjunc- 
tion structures in the element portion are formed and 
surround the element region. 
[0197] More specifically, two pairs of p-type guard ring 
layers 42 are formed in a first drift layer 1 1 at the element 
terminating portion. An n*-type semiconductor layer 43 
is formed between each pair of guard ring layers 42. 
Each pair of guard rings 42 are connected at the bottom 
portion. P-type guard ring layers 44 are formed in the 
surface regions of the guard rings 42 and n*-type sem- 
iconductor layers 43 to connect each pair of guard ring 
layers 42. The guard ring layer 44 is electrically connect- 
ed to a base layer 12 through a p-type semiconductor 
layer 45 formed in the surface of the first drift layer 11 . 
[0198] That is, at the element terminating portion, 
each n'-type semiconductor layer 43 is surrounded at 
its side and bottom portions by the guard rings 42 and 
at the upper portion by the guard ring layer 44. Such 
structures are formed to surround the element region. 
Elements that should be formed on the guard rings 42 
and 44 are not illustrated in FIG. 28B. 
[0199] Even in this embodiment, the guard ring layers 
42 can be formed simultaneously with RESURF layers 
18 by a single process. The n*-type semiconductor lay- 
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ers 43 can also be formed simultaneously with second 
drift layers 33 by a single process. The guard rings 44 
can also be formed simultaneously with the base layers 
12 by a single process. 

[0200] In this embodiment, by increasing the effective 5 
depth of a guard ring, the breakdown voltage can in- 
crease, as described in the 20th embodiment. 
[0201] In addition, when each pair of guard rings 42 
are connected at the bottom portion to obtain an almost 
U-shaped sectional structure, a wide guard ring can be 
provided. Consequently, a terminating structure capa- 
ble of holding a higher breakdown voltage can be pro- 
vided. 

[0202] In this embodiment, the guard rings 42 are con- 
nected at the bottom portion to form a U-shaped struc- 
ture. This structure can be formed by changing the angle 
of incidence of ion implantation. For example, in the pla- 
nar pattern shown in FIG. 28A, the RESURF layers 18 
arranged in a staggered pattern are formed in the ele- 
ment region. At the element terminating portion, the 
stripe-shaped p-type buried guard ring layers 42 are 
formed. 

[0203] In correspondence with this structure, trench- 
es in a staggered pattern are formed in the element re- 
gion, and stripe-shaped trenches are formed at the ter- 
minating portion. The wafer is rotated while setting a 
constant angle of ion implantation. At the element ter- 
minating portion, ions are implanted even to the bottom 
portion of each trench to form a p-type layer. At the el- 
ement portion, since no ions are implanted to the bottom 
portion of each trench, no p-type layer is formed. As a 
result, the structure shown in FIG. 28B can be formed. 

<22nd Embodiment 

[0204] A semiconductor device according to the 22nd 
embodiment of the present invention will be described 
next with reference to FIG. 29. FIG. 29 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. This embodiment is related to the struc- 
ture of an element terminating portion of a vertical power 
MOS transistor. 

[0205] As shown in FIG. 29, for the structure accord- 
ing to this embodiment, each pair of guard rings 42 are 
commonly connected by a guard ring layer 44 in the 
structure shown in FIG. 28B described in the 21st em- 
bodiment. 

[0206] When the plurality of guard rings 42 are com- 
monly connected, a wider guard ring can be provided. 
In addition, a terminating structure which holds a higher 
breakdown voltage can be provided. 
[0207] The planar pattern of the structure of this em- 
bodiment is the same as in FIGS. 27A and 28A. 

<23rd Embodiment 

[0208] A semiconductor device according to the 23rd 
embodiment of the present invention will be described 



next with reference to FIG. 30. FIG. 30 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. This embodiment is related to the struc- 
ture of an element terminating portion of a vertical power 
MOS transistor. 

[0209] As shown in FIG. 30, in the structure according 
to this embodiment, guard rings 41 in the structure 
shown in FIG. 27B described in the 20th embodiment 
are omitted. Instead, a p-type RESURF layer 46 is 
formed in the surface regions of a first drift layer 11, 
guard rings 39, and n--type semiconductor layers 40. 
The RESURF layer 46 commonly connects the pairs of 
guard rings 39 and is connected to a base layer 12. 
[021 0] According to the above arrangement, when the 
width of the RESURF layer 46 is set to 100 urn, and the 
impurity dose is set to 8 x 10 11 cm -2 , a MOS transistor 
having a breakdown voltage of 600V can be implement- 
ed. The planar pattern of the structure of this embodi- 
ment is the same as in FIGS. 27A and 28A. 

<24th Embodiment 

[021 1] A semiconductor device according to the 24th 
embodiment of the present invention will be described 
next with reference to FIG. 31 . FIG. 31 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. This embodiment is related to the struc- 
ture of an element terminating portion of a vertical power 
MOS transistor. The planar pattern of the structure of 
this embodiment is the same as in FIGS. 27A and 28A. 
[021 2] As shown in FIG. 31 , in the structure according 
to this embodiment, a RESURF layer 46 in the structure 
shown in FIG. 30 described in the 23rd embodiment is 
omitted. Instead, an insulating film 47 is formed on a first 
drift layer 11 , guard rings 39, and n--type semiconductor 
layers 40 at the element terminating portion. In addition, 
a metal layer 48 is formed on the insulating film 47. The 
metal layer 48 functions as a "field plate". As a result, 
the breakdown voltage can increase. 
[0213] In the structure shown in FIG. 31 , the thickness 
of the insulating film 47 changes in two steps. 
[0214] However, the thickness may change in one or 
three or more steps. The metal layer 48 only needs to 
be a conductive film. Alternatively, a polysilicon film 
doped with an impurity may be used. A single ring- 
shaped film may be used as the metal layer 48. Alter- 
natively, two or more concentric metal films may be 
used. The number of RESURF layers 39 under the met- 
al layer 48 is not particularly limited. 
[021 5] In the 1 4th to 24th embodiments, the RESURF 
layers 18 which construct superjunction structures can 
be laid out in a stripe pattern, mesh pattern, or staggered 
pattern. In the 20th to 24th embodiments, the guard ring 
layers 39 and 42 at the element terminating portion can 
be laid out in a stripe pattern, mesh pattern, or staggered 
pattern. The number of guard rings is not limited to two 
pairs. One pair or three or more pairs of guard rings may 
be formed. 
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[0216] In the 14th to 24th embodiments, the base lay- 
ers 12 and source layers 13 need not always have a 
stripe pattern. Instead, they may have, e.g., a dot pat- 
tern. 

[0217] In the 14th to 18th embodiments, manufactur- 
ing processes including a planarizing process are ex- 
emplified. However, when ion implantation is executed 
or a mask for crystal growth is formed on the upper sur- 
face of a substrate, the planarizing process can be omit- 
ted. 

[021 8] In the first to 24th embodiments, planar power 
MOS transistors are exemplified. However, the embod- 
iment of the present invention can also be applied to a 
power MOS transistor having a trench structure. 

<25th Embodiment 

[0219] A semiconductor device according to the 25th 
embodiment of the present invention will be described 
next with reference to FIG. 32. FIG. 32 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. 

[0220] As shown in FIG. 32, a drift layer (n'-type sem- 
iconductor region) 11 is formed on a drain layer (nMype 
semiconductor substrate) 10. Base layers (p-type sem- 
iconductor regions) 12 are selectively formed in the sur- 
face region of the drift layer 11. Source layers 13 (n + - 
type semiconductor regions) are selectively formed in 
the surface regions of the base layers 12. A gate elec- 
trode 15 is formed on the drift layer 11 and base layers 
1 2 between adjacent source layers 1 3 with a gate insu- 
lating film 14 interposed therebetween so as to form a 
stripe-shaped planar pattern (in a direction perpendicu- 
lar to the page surface of FIG. 32). In addition, insulating 
films 50 extending from the surfaces of the base layers 
12 to the drain layer 10 through the base layers 12 and 
drift layer 11 are formed in a stripe pattern, like the gate 
electrode 15. A RESURF layer (p-type semiconductor 
region) 18 is formed between the insulating film 50 and 
the drain layer 10 and drift layer 11. A drain electrode 
1 6 and source electrodes 1 7 are formed on the lower 
surface of the drain layer 10 and the source layers 13, 
respectively, thereby forming a MOS transistor. Super- 
junction structures each including the RESURF layer 18 
and drift layer 1 1 are periodically formed in the horizontal 
direction. 

[0221] The impurity concentration in the drain layer 10 
is, e.g., 6 x 10 18 cm -3 . The thickness of the drain layer 
10 is about 200 urn. The impurity concentration in the 
drift region 11 is, e.g., 2 x 10 15 cm- 3 . The thickness of 
the drift region 11 is about 50 u.m. The impurity concen- 
tration in the base layer 12 is, e.g., 3 x 10 17 cm -3 . The 
base layer 12 is formed to a depth of about 2 iim from 
the surface of the drift layer 11 . The impurity concentra- 
tion in the source layer 13 is, e.g., 1 x 10 20 cm -3 . The 
source layer 13 is formed to a depth of about 0.2 jxm 
from the surface of the base layer 12. The impurity con- 
centration in the RESURF layer 18 is, e.g., 2 x 10 15 



cm -3 . The thickness of the RESURF layer 18 is about 4 
u.m. The distance between adjacent RESURF layers 18 
is about 8 u.m. The gate insulating film 14 is, e.g., a sil- 
icon oxide film (Si0 2 ) and has a thickness of about 0.1 
5 um. 

[0222] In the MOS transistor with the above structure, 
when a forward voltage is applied to the gate electrode 
and between the source and drain layers, a channel is 
formed in the base layer 12. Carriers move from the 

10 source layers 1 3 to the drain layer 1 0 through the chan- 
nel and drift layer 11 . When a reverse voltage is applied, 
a depletion layer is formed by the p-n junction between 
the RESURF layer 18 and the drift layer 11 as well as 
by the p-n junction between the base layer 12 and the 

15 drift layer 1 1 . Especially, by the p-n junction with the RE- 
SURF layer 18, the drift layer 11 is quickly fully depleted. 
Hence, the breakdown voltage of the MOS transistor is 
determined by the junction depth between the drift layer 
11 and the RESURF layer 18 and the interval between 

20 adjacent RESURF layers 18. The breakdown voltage 
does not depend on the impurity concentration in the 
drift layer 1 1 . For this reason, the impurity concentration 
in the drift layer 11 can be increased. The breakdown 
voltage can increase by the superjunction structure. Si- 

25 multaneously, the ON resistance can be reduced. 
[0223] A method of manufacturing the MOS transistor 
having the above structure will be described next with 
reference to FIGS. 33A to 33D. FIGS. 33A to 33D are 
sectional views sequentially showing steps in manufac- 

30 turing the vertical power MOS transistor shown in FIG. 
32. 

[0224] First, as shown in FIG. 33A, the drift layer 11 
is formed on the drain region (e.g., silicon substrate) 1 0 
by, e.g., CVD or impurity diffusion. This step may be ex- 
35 ecuted by forming the drain region 1 0 on the lower sur- 
face of the drift layer 11 . 

[0225] As shown in FIG. 33B, trenches 51 extending 
from the upper surface of the drift layer 11 to the drain 
layer 1 0 are formed in a stripe pattern (in a direction per- 

40 pendicular to the page surface of FIG. 33B) by photoli- 
thography and dry etching such as RIE. 
[0226] As shown in FIG. 33C, the RESURF layer 18 
is formed on the drain layer 1 0 and drift layer 1 1 by CVD 
using, e.g., SiH 4 gas. The RESURF layer 18 does not 

45 completely fill the trenches 51 . The insulating film 50 is 
formed on the RESURF layer 18. The insulating film 50 
completely fills the trenches 51 . 
[0227] Planarization by CMP is executed to expose 
the surface of the drift layer 11, thereby obtaining the 

50 structure shown in FIG. 33D. After that, a MOS structure 
is formed by a known process. More specifically, the sur- 
faces of the drift layer 1 1 and RESURF layer 1 8 are ther- 
mally oxidized to form the gate insulating film 14. A poly- 
silicon film is formed on the gate insulating film 14. The 

55 polysilicon film is patterned by photolithography and 
etching to form the gate electrode 15. A p-type impurity 
such as boron is ion-implanted into the drift layer 11 and 
RESURF layer 18 to form the base layers 12. Since the 
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gate electrode 1 5 serves as a mask, the base layers 12 
are selectively formed. An n-type impurity such as ar- 
senic is ion-implanted into the base layers 12 to selec- 
tively form the source layers 13. After that, aluminum 
films are formed on the source layer 13 and the lower 
surface of the drain layer 10 and patterned, this obtain- 
ing the structure shown in FIG. 32. 
[0228] With the semiconductor device and manufac- 
turing method according to the 25th embodiment, the 
following effects can be obtained. 

(1) Any variation in breakdown voltage of semicon- 
ductor device can be prevented. As described in 
"BACKGROUND OF THE INVENTION", the depth 
of the RESURF layer 18 in the superjunction struc- 
ture is an important factor that determines the 
breakdown voltage. Hence, a variation in depth of 
the RESURF layer 18 directly leads to a variation in 
breakdown voltage. In the structure shown in FIG. 
32, the RESURF layer 1 8 is so deep as to reach the 
drain layer 10. As a manufacturing method, the 
trench 51 is formed so deep as to reach the drain 
layer 10 in advance. The trench 51 is filled with the 
RESURF layer 18. That is, the depth of the RE- 
SURF layer 18 is determined only by the thickness 
of the drift layer 11 . The depth of the RESURF layer 
18 does not depend on the depth of the trench 51 . 
For this reason, any variation in the depth of the RE- 
SURF layer 18 occurred in the step of forming the 
trenches 51 can be prevented from influencing the 
breakdown voltage. As a result, any variation in 
breakdown voltage of each elements can be pre- 
vented. A designed breakdown voltage can easily 
be obtained. 

(2) Any decrease in breakdown voltage due to the 
crystallinity in the RESURF layer 1 8 can be prevent- 
ed. In forming the RESURF layer 18 in the trench 
51 , at the corner portions of the bottom portion of 
the trench 51, crystal growth occurs from both the 
bottom portion and the side portions. As a result, 
the crystallinity in the RESURF layer 18 at the bot- 
tom portion of the trench 51 inevitably degrades. 
This decreases the breakdown voltage. In the struc- 
ture shown in FIG. 32, however, the bottom portion 
of the RESURF layer 18 is buried in the drain layer 
10. That is, no electric field is applied to the bottom 
portion of the RESURF layer 18. Hence, even when 
the crystallinity at the bottom portion of the RE- 
SURF layer 18 degrades, it does not influence the 
breakdown voltage because the bottom portion 
does not function as a RESURF layer. As a conse- 
quence, any decrease in breakdown voltage can be 
prevented. The decrease in breakdown voltage due 
to degradation in crystallinity can be prevented 
even by, after formation of the RESURF layer 18, 
oxidizing the surface of the RESURF layer 18 to 
form a thermal oxide film. 

(3) Any decrease in breakdown voltage due to cav- 
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ities generated in a trench can be prevented. As de- 
scribed above, when a single crystal is grown in a 
trench, the growth rate changes between the upper 
portion and the lower portion of the trench. This may 
generate cavities in the trench. The cavities also de- 
grade the breakdown voltage. In the structure 
shown in FIG. 32, however, the trench 51 is filled 
with the insulating film 50. That is, instead of com- 
pletely filling the trench 51 with the RESURF layer 
18, after a predetermined thickness is obtained, 
crystal growth is stopped. Then, the trench 51 is 
newly filled with the insulating film 50. When crystal 
growth of the RESURF layer 18 is stopped before 
cavities are generated, the difference in thickness 
of the RESURF layer 18 in the direction of depth 
can be suppressed small. Hence, any decrease in 
breakdown voltage can be prevented. In addition, 
since the trench 51 is filled not with a single crystal 
but with an insulating film, it is easy to fill the trench 
completely. 



[0229] As described in ( 1 ) to (3), according to the sem- 
iconductor device and manufacturing method according 
to this embodiment, a semiconductor device capable of 

25 simultaneously realizing a high breakdown voltage and 
low ON resistance and also eliminating any variation in 
breakdown voltage and a manufacturing method thereof 
can be provided. The step of forming the trench 51 
shown in FIG. 33B is executed using RIE. Instead, for 

30 example, wet etching using an alkali solution such as 
KOH or TMAH (TetraM ethyl Ammonium Hydroxide) may 
be executed to (110) plane of the semiconductor sub- 
strate. In forming the RESURF layer 18 shown in FIG. 
33C, oxide films or the like may be added to portions 

35 other than the side walls and bottom surface of the 
trench 51 , and in this state, a crystal growth is performed 
such that the RESURF layer 18 is formed only in the 
trench 51 . As the insulating film 50 which completely fills 
the trench 51, a thermal oxide film formed by oxidizing 

40 a semiconductor layer or an oxide or nitride film depos- 
ited by CVD can be used. The trench 51 may be com- 
pletely filled by heat-treating and reflowing an insulating 
film formed by CVD. The insulating film 50 in the trench 
51 does not function as part of the RESURF structure. 

45 Even when cavities are formed in the insulating film 50, 
the breakdown voltage does not decrease due to the 
cavities. The upper surface of the superjunction layer 
18 located at the bottom portion of the trench 51 is pref- 
erably present at a deeper position than the upper sur- 

50 face of the drain layer 1 0. This is because if the RESURF 
layer 18 along the bottom portion of the trench 51 is 
present in the drift layer, that portion also functions as a 
superjunction structure. Since the thickness of the RE- 
SURF layer differs between the upper portion and the 

55 bottom portion of the superjunction structure, break- 
down voltage design may become difficult. 
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<26th Embodiment 

[0230] A semiconductor device according to the 26th 
embodiment of the present invention will be described 
next with reference to FIG. 34. FIG. 34 is a sectional 5 
view of a vertical power MOS transistor according to the 
26th embodiment of the present invention. 
[0231] As shown in FIG. 34, RESURF layers 18 (p- 
type semiconductor regions) are formed on a drain layer 
(n + -type semiconductor substrate) 10. Base layers (p- 
type semiconductor regions) 12 are selectively formed 
in the surfaces of the RESURF layers 18. Source layer 
(n + -type semiconductor regions) 13 are selectively 
formed in the surface of each base layer 1 2. A gate elec- 
trode 1 5 is formed on a surface between the source lay- 
ers 13 of adjacent base layers 12 with a gate insulating 
film 14 interposed therebetween so as to form a stripe 
pattern (in a direction perpendicular to the page surface 
of FIG. 34). In addition, insulating films 50 extending 
from the surfaces of the RESURF layers 1 8 immediately 
under the gate electrodes to the drain layer 10 through 
the RESURF layers 18 are formed in a stripe pattern, 
like the gate electrode 15. Drift layers (nMype semicon- 
ductor regions) 11 are formed between the insulating 
films 50 and the drain layer 10 and RESURF layers 18. 
A drain electrode 16 and source electrodes 17 are 
formed on the lower surface of the drain layer 10 and 
the source layers 13, respectively, thereby forming a 
MOS transistor. Superjunction structures including the 
RESURF layers 18 and drift layers 11 are periodically 
formed in the horizontal direction. The impurity concen- 
tration in the RESURF layer 18 is, e.g., 2 x 10 15 cm- 3 . 
The thickness of the RESURF layer 18 is about 4 urn. 
The distance between adjacent RESURF layers 18 is 
about 8 u.m. The impurity concentration in the drift layer 
11 is, e.g., 2 x 10 15 cnrr 3 . 

[0232] The breakdown voltage of the MOS transistor 
having the above structure is determined by the junction 
depth between the drift layer 11 and the RESURF layer 
18 and the interval between adjacent RESURF layers 
18. The breakdown voltage does not depend on the im- 
purity concentration in the drift layer 11 . For this reason, 
the impurity concentration in the drift layer 11 can be 
increased. The breakdown voltage can increase by the 
superjunction structure. Simultaneously, the ON resist- 
ance can be reduced. 

[0233] A method of manufacturing the MOS transistor 
having the above structure is the same as that described 
in the 25th embodiment with reference to FIGS. 33A to 
33D except that the n~-type drift layer 11 and p-type RE- 
SURF layer 18 are replaced with each other. 
[0234] Even with the semiconductor device and man- 
ufacturing method according to the 26th embodiment, 
the same effects as in the 25th embodiment can be ob- 
tained. 



<27th Embodiment 

[0235] A semiconductor device according to the 27th 
embodiment of the present invention will be described 
next with reference to FIG. 35. FIG. 35 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. 

[0236] As shown in FIG. 35, a drift layer (n'-type sem- 
iconductor region) 1 1 is formed on a drain layer (n + -type 
semiconductor substrate) 10. Base layers (p-type sem- 
iconductor regions) 12 are selectively formed in the sur- 
face region of the drift layer 11. Source layers 13 (n'-- 
type semiconductor regions) are selectively formed in 
the surface regions of the base layers 12. A gate elec- 
trode 15 is formed on the base layers 12 and drift layer 

11 between adjacent source layers 13 with a gate insu- 
lating film 14 interposed therebetween so as to form a 
stripe-shaped planar pattern (in a direction perpendicu- 
lar to the page surface of FIG. 35). In addition, insulating 
films 50 extending from the surfaces of the base layers 

12 to the drain layer 10 through the drift layer 11 are 
formed in a stripe pattern, like the gate electrode 15. 
Semiconductor layers 52 having a low concentration are 
formed between the insulating films 50 and the drain lay- 
er 10 and drift layers 11. A RESURF layer (p-type sem- 
iconductor region) 1 8 is formed between the semicon- 
ductor layer 52 and the drift layer 11. A drain electrode 
16 and source electrodes 17 are formed on the lower 
surface of the drain layer 10 and the source layers 13, 
respectively, thereby forming a MOS transistor. The im- 
purity concentration in the semiconductor layer 52 is 
lower than those in the drift layer 1 1 and RESURF layer 
18. The semiconductor layer 52 may be undoped. 
[0237] As in the 25th and 26th embodiments, the 
breakdown voltage of the MOS transistor having the 
above structure is determined by the junction depth be- 
tween the drift layer 11 and the RESURF layer 18 and 
the interval between adjacent RESURF layers 18. The 
breakdown voltage does not depend on the impurity 
concentration in the drift layer 11. For this reason, the 
impurity concentration in the drift layer 11 can be in- 
creased. The breakdown voltage can increase by the 
superjunction structure. Simultaneously, the ON resist- 
ance can be reduced. 

[0238] A method of manufacturing the MOS transistor 
having the above structure will be described next with 
reference to FIGS. 36A to 36E. FIGS. 36A to 36E are 
sectional views sequentially showing steps in manufac- 
turing the vertical power MOS transistor shown in FIG. 
35. 

[0239] First, as shown in FIG. 36A, the drift layer 11 
is formed on the drain region (e.g., a silicon substrate) 
10. As shown in FIG. 36B, trenches 51 extending from 
the upper surface of the drift layer 11 to the drain layer 
10 are formed in a stripe pattern (in a direction perpen- 
dicular to the page surface of FIG. 36B) using a mask 
material 53. 

[0240] As shown in FIG. 36C, while keeping the mask 
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material 53 left, a p-type impurity such as boron is ob- 
liquely ion-implanted into the drift layer 1 1 , thereby form- 
ing the RESURF layers 18 in the side walls of the drift 
layers 11. 

[0241] Asshownin FIG. 36D, the semiconductor layer 
52 which is undoped or has an impurity concentration 
lower than those in the drift layer 1 1 and RESURF layer 
1 8 is formed in the trenches 51 and on the drift layers 
11 by, e.g., CVD. The semiconductor layer 52 does not 
completely fill the trenches 51 . The insulating film 50 is 
formed on the semiconductor layer 52 to completely fill 
the trenches 51 with the insulating film 50. 
[0242] Planarization by CMP is executed to expose 
the surfaces of the drift layers 1 1 , thereby obtaining the 
structure shown in FIG. 36E. After that, a MOS structure 
is formed by a known process, thereby obtaining the 
structure shown in FIG. 35. 

[0243] With the above structure and manufacturing 
method, in addition to the effects (1 ) to (3) described in 
the 25th embodiment, effects (4) and (5) can also be 
obtained. 

[0244] (4) The breakdown voltage can easily be de- 
signed. In the manufacturing method according to this 
embodiment, the RESURF layers 18 are formed by ion 
implantation from oblique directions, as shown in FIG. 
36C. The semiconductor layer 52 buried in the trench 
51 is a lightly-doped semiconductor layer (n- or p-type 
semiconductor layer) or an undoped intrinsic semicon- 
ductor layer. Hence, the semiconductor layer 52 is 
quickly fully depleted by a relatively low voltage and 
does not function as a RESURF layer. In addition, the 
depth-direction impurity concentration distribution of the 
semiconductor layer 52 does not influence the break- 
down voltage because the concentration is very low. 
That is, the breakdown voltage needs to be designed in 
consideration of only the impurity dose in forming the 
RESURF layer 18 by ion implantation from oblique di- 
rections and the impurity concentration in the drift layer 
1 1 . When the RESURF layer 1 8 is formed by ion implan- 
tation, the breakdown voltage can easily be designed. 
[0245] (5) The trench 51 can easily be filled. It is dif- 
ficult to fill a trench not only when the trench width is 
small but also when the width is too large. With the struc- 
ture and manufacturing method according to this em- 
bodiment, the trench 51 is filled to some extent by the 
semiconductor layer 52. Then, the trench 51 is com- 
pletely filled with the insulating film 50. That is, even 
when the width of the trench 51 is too large, the width 
in forming the insulating film 50 can be optimized by 
forming the semiconductor layer 52. As a result, it is 
easy to fill the trench 51 completely. 
[0246] Another method of manufacturing the RE- 
SURF layer 18 and drift layer 11 using ion implantation 
will be described as a modification to this embodiment. 
First, a semiconductor device manufacturing method 
according to the first modification to this embodiment will 
be described with reference to FIGS. 37A and 37B. 
FIGS. 37A and 37B are sectional views sequentially 



showing steps in manufacturing a vertical power MOS 
transistor according to this modification. 
[0247] First, as shown in FIG. 37A, the RESURF layer 
(p-type semiconductor region) 1 8 is formed on the drain 
5 layer (n*-type semiconductor substrate) 1 0. The trench- 
es 51 are formed using the mask material 53. Each 
trench 51 extends from the surface of the RESURF layer 
18 to the drain layer 10. 

[0248] As shown in FIG. 37B, an n-type impurity such 
10 as phosphorus or arsenic is ion-implanted into the RE- 
SURF layer 18 from oblique directions. By adjusting the 
acceleration voltage such that the n-type impurity is im- 
planted deeply into the RESURF layer 18, the drift layer 
11 is formed in the RESURF layer 18. 
15 [0249] FIGS. 38A to 38C are sectional views sequen- 
tially showing steps in manufacturing a vertical power 
MOS transistor according to the second modification to 
this embodiment. 

[0250] First, as shown in FIG. 38A, a semiconductor 
20 layer 54 is formed on the drain layer 10. This semicon- 
ductor layer 54 is an undoped intrinsic semiconductor 
layer or a semiconductor layer having an impurity con- 
centration lower than those in the drift layer 11 and RE- 
SURF layer 18. The trenches 51 are formed using the 
25 mask material 53 so as to extend from the surface of the 
semiconductor layer 54 to the drain layer 10. 
[0251] As shown in FIG. 38B, an n-type impurity such 
as phosphorus or arsenic is ion-implanted into the sem- 
iconductor layer 54 from oblique directions. When the 
30 acceleration voltage is adjusted such that the n-type im- 
purity is implanted into the entire surface of the semi- 
conductor layer 54, the semiconductor layer 54 changes 
to the n--type drift layer 11. 

[0252] As shown in FIG. 38C, a p-type impurity such 
35 as boron is ion-implanted into the drift layer 1 1 from ob- 
lique directions, the RESURF layers 18 are formed in 
the side surfaces of the drift layer 11 . 
[0253] Even when the structure shown in FIG. 35 is 
formed by the above manufacturing methods, the same 
40 effects as described above can be obtained. 

<28th Embodiment 

[0254] A semiconductor device according to the 28th 
45 embodiment of the present invention will be described 
next with reference to FIG. 39. FIG. 39 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. 

[0255] As shown in FIG. 39, RESURF layers 18 (p- 
50 type semiconductor regions) are formed on a drain layer 
(n + -type semiconductor substrate) 1 0. Base layers (p- 
type semiconductor regions) 1 2 are selectively formed 
in the surface regions of the RESURF layers 18. Source 
layers (nMype semiconductor regions) 1 3 are selective- 
55 | y formed in the surface region of each base layer 1 2. A 
gate electrode 15 is formed on a surface between the 
source layers 13 of adjacent base layers 12 with a gate 
insulating film 14 interposed therebetween so as to form 
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a stripe pattern (in a direction perpendicular to the page 
surface of FIG. 39). In addition, insulating films 50 ex- 
tending from the surfaces of the RESURF layers 18 im- 
mediately under the gate electrodes to the drain layer 
1 0 through the RESURF layers 1 8 are formed in a stripe 5 
pattern, like the gate electrode 15. Semiconductor lay- 
ers 52 having a low concentration are formed between 
the insulating films 50 and the drain layer 10 and RE- 
SURF layers 18. A drift layer (n*-type semiconductor re- 
gion) 11 is formed between the semiconductor layer 52 
and the RESURF layer 18. A drain electrode 16 and 
source electrodes 17 are formed on the lower surface 
of the drain layer 10 and the source layers 13, respec- 
tively, thereby forming a MOS transistor. The impurity 
concentration in the semiconductor layer 52 is lower 
than those in the drift layer 11 and RESURF layer 18. 
The semiconductor layer 52 may be undoped. 
[0256] A method of manufacturing the MOS transistor 
having the above structure is the same as that described 
in the 27th embodiment with reference to FIGS. 35A to 
35E except that the n _ -type drift layer 11 and p-type RE- 
SURF layer 18 are replaced with each other. Even with 
the semiconductor device and manufacturing method 
according to this embodiment, the same effects as in 
the 27th embodiment can be obtained. 
[0257] In the 27th and 28th embodiments, the follow- 
ing effect can be obtained in addition to the effects (1) 
to (5). 

[0258] (6) The ON resistance can be further reduced. 
In the 27th and 28th embodiments, when the impurity 
concentration in the semiconductor layer 52 is almost 
the same as that in the RESURF layer 18, the semicon- 
ductor layer 52 can function as part of the superjunction 
structure. In this case, the same effect as in a case 
wherein the vertical RESURF width is effectively re- 
duced can be obtained. For this reason, the impurity 
concentration in the drift layer 11 can be increased while 
maintaining the breakdown voltage. Hence, the ON re- 
sistance can be further reduced. 

<29th Embodiment 

[0259] A semiconductor device according to the 29th 
embodiment of the present invention will be described 
next with reference to FIG. 40A. In this embodiment, the 
planar pattern of a superjunction structure will be de- 
scribed. FIG. 40A is a plan view of a vertical power MOS 
transistor according to this embodiment. This plan view 
especially shows a superjunction structure. A super- 
junction structure in the element region corresponds to, 
e.g., the structure described in the 25th embodiment. 
[0260] As shown in FIG. 40A, the pattern of trenches 
51 is formed by combining a stripe pattern parallel to 
gate electrodes 1 5 (Y direction) and a stripe pattern par- 
allel to a direction perpendicular to the gate electrodes 
(X direction). The stripe pattern parallel to the gate elec- 
trodes 15 is formed in a region (element region) where 
MOS transistors are formed. The stripe pattern perpen- 



dicular to the gate electrodes is formed in the region of 
a terminating portion (element terminating portion) of 
the semiconductor device in the horizontal direction of 
the MOS transistors. Each trench 51 is filled with a RE- 
SURF layer 18 and insulating film 50. 
[0261] When RESURF structures are formed in the 
above pattern, the following effect can be obtained. 
[0262] (7) When a high voltage is applied, the deple- 
tion layer can be quickly extended. Hence, the break- 
down voltage can be increased. This effect will be de- 
scribed below. First, a case wherein superjunction struc- 
tures extending in the X direction as shown in FIG. 40A 
are not present at the element terminating portion will 
be examined. 

[0263] A depletion layer generated by p-n junctions 
between a base layer 12 and a drift layer 11 and be- 
tween the RESURF layer 18 and the drift layer 11 ex- 
tends in the X and Y directions in FIG. 40A. In the Y 
direction, the depletion layer can spread along the drift 
layer 11 between adjacent RESURF layers 18 without 
any obstacle. In the X direction, however, since each 
trench 51 is filled with the insulating film 50, MOS tran- 
sistors are electrically disconnected for every trenches. 
The MOS transistors are electrically connected only at 
the outermost periphery of the superjunction structures. 
If a high voltage is applied to a MOS transistor, the 
breakdown voltage should be maintained as the super- 
junction structure portion is depleted. However, since 
each trench is filled with the insulating film 50, extension 
of the depletion layer in the X-direction is impeded by 
the insulating film 50. That is, to deplete adjacent super- 
junction structures, a path through which holes are dis- 
charged from the RESURF layers 1 8 is necessary. How- 
ever, such a path is absent in the X direction because 
of the insulating films 50. Even in the X direction, elec- 
trical connection is done at the outermost periphery of 
the superjunction structures. Hence, holes in the ele- 
ment region preferably temporarily move to the outer- 
most periphery and then flow into adjacent element re- 
gions. Normally, however, such electric field distribution 
is not obtained. After all, since the depletion layer cannot 
extend in the X direction, the electric field strength per 
unit area increases, resulting in dielectric breakdown. 
[0264] However, the semiconductor device according 
to this embodiment has, at its element terminating por- 
tion, a superjunction structure extending in the X direc- 
tion, as shown in FIG. 40A. As described above, a de- 
pletion layer can quickly extend without any obstacle in 
the direction in which the superjunction structures hav- 
ing a stripe pattern extend. That is, as shown in FIG. 
40A, when a RESURF structure having a stripe pattern 
along in the X direction is arranged at the element ter- 
minating portion, the depletion layer can quickly extend 
not only in the Y direction but also in the X direction. As 
a result, concentration of the electric field can be sup- 
pressed, and the breakdown voltage can be increased. 
The stripe pattern of the superjunction structures at the 
element terminating portion need not always be perpen- 



15 



20 



25 



30 



35 



40 



45 



50 



25 



49 



EP 1 267 415 A2 



50 



dicular to the Y direction. They may have a predeter- 
mined angle with respect to the X direction. That is, a 
pattern that does not impede the depletion layer from 
extending or can help extending the depletion layer suf- 
fices. 5 
[0265] The superjunction structures at the element 
terminating portion can be formed simultaneously with 
those in the element regions. That is, in the step of form- 
ing the trenches 51 described in the manufacturing 
methods according to the 25th and 27th embodiments, 
not only trenches extending in the Y direction in the el- 
ement region but also trenches extending in the X direc- 
tion at the element terminating portion are simultane- 
ously formed. This process can be executed without 
complicating the manufacturing process. As long as a 
superjunction structure is adjacent to the insulating film 
50 in any manufacturing method, the above structure 
can be formed by any method: i.e., by forming the RE- 
SURF layer 18 using crystal growth or ion implantation 
or by forming the drift layer 11 by ion implantation. 
[0266] Several planar patterns of superjunction struc- 
tures capable of obtaining the same effect as described 
above will be described as modifications to this embod- 
iment. FIG. 40B shows the planar pattern of a vertical 
power MOS transistor according to the first modification 
to this embodiment. 

[0267] As shown in FIG. 40B, in the planar pattern ac- 
cording to this modification, each superjunction struc- 
ture at the element terminating portion are integrated 
with the superjunction structure at a corresponding end 
portion in the element region. That is, the trenches 51 
extending in the X direction are formed outside the 
trench 51 extending in the Y direction at each end por- 
tion in the element region to make a comb-shaped struc- 
ture. Each trench 51 is filled with the RESURF layer 18 
and insulating film 50. According to this structure, the 
superjunction structures in the element terminating por- 
tion are connected, in the X direction, to the trench 51 
that extends in the Y direction on the element region 
side. For this reason, corner portions at the bottom por- 
tions of the trenches in the element terminating portion 
are present only at the outermost portions of the element 
terminating portion. As described above, the crystallinity 
degrades at the corner portion of each trench bottom 
portion. However, since these corner portions can be 
eliminated, the reliability of the semiconductor device 
represented by the breakdown voltage can be im- 
proved. 

[0268] FIG. 40C shows the planar pattern of a vertical 
power MOS transistor according to the second modifi- 
cation to this embodiment. As shown in FIG. 40C, in this 
modification, superjunction structures in the element re- 
gion in FIG. 40A are divided in the Y direction and ar- 
ranged in a matrix. According to this arrangement, ad- 
jacent semiconductor elements are electrically connect- 
ed through semiconductor layers between adjacent su- 
perjunction structures in the Y direction. For this reason, 
a depletion layer can be extended in the X direction. In 



addition, no new superjunction structures need to be ar- 
ranged at the element terminating portion. 
[0269] FIG. 40D shows the planar pattern of a vertical 
power MOS transistor according to the third modification 
to this embodiment. As shown in FIG. 40D, in this mod- 
ification, superjunction structures at the element termi- 
nating portion in FIG. 40A have a pattern extending in 
the Y direction, and a plurality of superjunction struc- 
tures are arranged in the X direction. Even according to 
this structure, the same effect as that of the first modifi- 
cation can be obtained. 

[0270] The trenches in the planar patterns described 
in the 29th embodiment and the first to third modifica- 
tions to the 29th embodiment need not have the same 
direction or length. The trenches may have different di- 
rections and lengths. The modifications may be com- 
bined. In addition, a number of trenches need not always 
be formed in the element region, as shown in FIGS. 40A 
to 40D. At least two trenches suffice. However, from the 
viewpoint of burying in the trenches, the trenches pref- 
erably have a uniform width and depth. In this embodi- 
ment, a MOS transistor having a sectional structure de- 
scribed in the 25th embodiment has been exemplified. 
However, the 29th embodiment can also be applied to 
MOS transistors having sectional structures described 
in the 26th to 28th embodiments. When one of the 
above-described patterns is applied to the MOS transis- 
tors according to one of the 25th to 28th embodiments, 
the effect (7) can be obtained in addition to the effects 
(1)to (6). 

<30th Embodiment 

[0271] A semiconductor device according to the 30th 
embodiment of the present invention will be described 
next with reference to FIGS. 41 A and 41 B. FIG. 41 A is 
a plan view of a vertical power MOS transistor according 
to this embodiment. FIG. 41 B is a sectional view taken 
along a line 41 B - 41 B in FIG. 41 A. In this embodiment, 
the planar structure shown in FIG. 40A described in the 
29th embodiment is applied to the element terminating 
portion of a vertical power MOS transistor described in 
the 25th embodiment, and a field plate structure is em- 
ployed. 

[0272] As shown in FIGS. 41 A and 41 B, in the ele- 
ment region, insulating films 50 having a stripe pattern 
are formed along gate electrodes 15. RESURF layers 
1 8 are formed to surround the insulating films 50. At the 
element terminating portion, the insulating films 50 hav- 
ing a stripe pattern along a direction perpendicular to 
the gate electrodes 15 are formed. The RESURF layers 
18 are formed to surround the insulating films 50. A 
guard ring layer (p-type semiconductor region) 55 sur- 
rounding the central portion of the element region is 
formed between the RESURF layers 18 in the element 
region and those in the element terminating portion. A 
channel stopper (n-type semiconductor region) 56 sur- 
rounding the element region is formed at the outermost 
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periphery of the element terminating portion. An insulat- 
ing film 57 is formed on the surface of the element ter- 
minating portion. A field plate 58 made of a conductive 
film such as a metal film is formed on the insulating film 
57 so as to come into contact with the guard ring layer 5 
55 and a source electrode 17. 
[0273] In the semiconductor device having the above 
arrangement, since the field plate 58 is formed, a deple- 
tion layer at the element terminating portion can be ef- 
fectively extended. For this reason, the breakdown volt- 
age can be increased. 

[0274] FIGS. 41 A and 41 B show an example in which 
the guard ring layer 55 serving as the boundary between 
the element region and the element terminating portion 
is in contact with the end portion of each RESURF layer 
18 at the element terminating portion. However, the RE- 
SURF layer 18 at the element terminating portion can 
be formed such that a part of the RESURF layer 18 is I 
the element region. That is, the RESURF structure in 
the element region, which is adjacent to the guard ring 
55 is not always necessary. The guard ring layer 55 and 
a base layer 12 of the MOS transistor may be directly 
jointed. The field plate 58 may be connected not to the 
source electrode 17 but to the gate electrode 15. Addi- 
tionally, as described above, the superjunction struc- 
tures may have not the pattern shown in FIG. 40A but 
any one of the patterns shown in FIGS. 40B to 40D. Not 
the sectional structure shown in FIG. 32 but that shown 
in FIG. 34, 35, or 39 may be used. 

<31st Embodiment 

[0275] A semiconductor device according to the 31 st 
embodiment of the present invention will be described 
next with reference to FIGS. 42A and 42B. FIG. 42A is 
a plan view of a vertical power MOS transistor according 
to this embodiment. FIG. 42B is a sectional view taken 
along a line 42B - 42B in FIG. 42A. In this embodiment, 
the planar structure shown in FIG. 40A described in the 
29th embodiment is applied to the element terminating 
portion of a vertical power MOS transistor described in 
the 25th embodiment, and a plurality of guard ring layers 
are formed. 

[0276] As shown in FIGS. 42A and 42B, in the ele- 
ment region, insulating films 50 having a stripe pattern 
are formed along gate electrodes 15. RESURF layers 
1 8 are formed to surround the insulating films 50. At the 
element terminating portion, the insulating films 50 hav- 
ing a stripe pattern along a direction perpendicular to 
the gate electrodes 15 are formed. The RESURF layers 
18 are formed to surround the insulating films 50. A 
guard ring layer (p-type semiconductor region) 55 sur- 
rounding the central portion of the element region is 
formed between the RESURF layers 18 in the element 
region and those at the element terminating portion. A 
channel stopper (n-type semiconductor region) 56 sur- 
rounding the element region is formed at the outermost 
periphery of the element terminating portion. A plurality 



of guard ring layers 59 surrounding the central portion 
of the element region are formed in a region between 
the channel stopper 56 and the guard ring layer 55 at 
the element terminating portion. 
[0277] In the semiconductor device having the above 
arrangement, since the guard ring layers 59 are formed, 
a depletion layer at the element terminating portion can 
be effectively extended. For this reason, the breakdown 
voltage can be increased. Even in this embodiment, as 
described in the 30th embodiment, any one of the pat- 
terns shown in FIGS. 40B to 40 D may be used as the 
planar pattern of superjunction structures. A sectional 
structure shown in FIG. 34, 35, or 39 may be used. In 
this embodiment, a field plate as described in the 30th 
embodiment may be formed. 

<32nd Embodiment 

[0278] A semiconductor device according to the 32nd 
embodiment of the present invention will be described 
next with reference to FIGS. 43A and 43B. FIG. 43A is 
a plan view of a vertical power MOS transistor according 
to this embodiment. FIG. 43B is a sectional view taken 
along a line 43B - 43B in FIG. 43A. In this embodiment, 
the planar structure shown in FIG. 40A described in the 
29th embodiment is applied to the element terminating 
portion of a vertical power MOS transistor described in 
the 25th embodiment, and a RESURF layer surrounding 
the central portion of the element region is further ar- 
ranged. 

[0279] As shown in FIGS. 43A and 43B, in the ele- 
ment region, insulating films 50 having a stripe pattern 
are formed along gate electrodes 15. RESURF layers 
1 8 are formed to surround the insulating films 50. At the 
element terminating portion, the insulating films 50 hav- 
ing a stripe pattern along a direction perpendicular to 
the gate electrodes 1 5 are formed. The RESURF layers 
18 are formed to surround the insulating films 50. A 
guard ring layer (p-type semiconductor region) 55 sur- 
rounding the central portion of the element region is 
formed between the RESURF layers 18 in the element 
region and those at the element terminating portion. A 
channel stopper (n-type semiconductor region) 56 sur- 
rounding the element region is formed at the outermost 
periphery of the element terminating portion. A RE- 
SURF layer (p-type semiconductor region) 60 surround- 
ing the central portion of the element region is formed 
in a region between the channel stopper 56 and the 
guard ring layer 55 at the element terminating portion. 
[0280] In the semiconductor device having the above 
arrangement, since the RESURF layer 60 is further ar- 
ranged, a depletion layer at the element terminating por- 
tion can be effectively extended. For this reason, the 
breakdown voltage can increase. Even in this embodi- 
ment, as described in the 30th embodiment, any one of 
the patterns shown in FIGS. 40B to 40D may be used 
as the planar pattern of superjunction structures. A sec- 
tional structure shown in FIG. 34, 35, or 39 may be used. 
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In this embodiment, a field plate as described in the 30th 
embodiment may be formed. 

[0281] The optimum values of the impurity concentra- 
tion and thickness of the RESURF layer 60 are the same 
as those of the RESURF layer 1 8. Hence, the RESURF 5 
layer 60 need not be formed by a p-type impurity diffu- 
sion layer, as shown in FIG. 43B. For example, when a 
trench is filled with the RESURF layer 18, the RESURF 
layer 18 formed even on the drift layer 11 may be left at 
the element terminating portion and used as the RE- 
SURF layer 60. 

<33rd Embodiment 

[0282] A semiconductor device according to the 33rd 
embodiment of the present invention will be described 
next with reference to FIG. 44. FIG. 44 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. This embodiment is related to the struc- 
ture of, particularly, the element terminating portion of 
the vertical power MOS transistor described in the 25th 
embodiment. A case wherein the planar pattern de- 
scribed in the 29th embodiment is not applied to the su- 
perjunction structures at an element terminating portion 
will be described. 

[0283] As shown in FIG. 44, in the element region, 
trenches 51 having a stripe pattern along gate elec- 
trodes 15 are formed. Each trench 51 is filled with a RE- 
SURF layer 18 and insulating film 50. The trenches 51 
having the same pattern as in the element region are 
formed even at the element terminating portion. Each 
trench 51 has the RESURF layer 18 and insulating film 
50. That is, superjunction structures having the same 
stripe pattern are formed in the element region and at 
the element terminating portion. As described above, 
only with this structure, a depletion layer cannot spread 
in the horizontal direction because of the insulating films 
50. To prevent this, in the structure according to this em- 
bodiment, a semiconductor layer 61 is formed on the 
element terminating portion to electrically connect the 
plurality of RESURF layers 1 8 and a guard ring layer 55. 
An insulating film 62 is formed on the element terminat- 
ing portion to cover the semiconductor layer 61 . A field 
plate 63 is formed on the insulating film 62. 
[0284] The semiconductor device having the above 
arrangement can obtain the following effect in addition 
to the effects (1)to (6). 

[0285] (8) Since a depletion layer can quickly extend 
when a high voltage is applied, the breakdown voltage 
can be increased. This is because when the RESURF 
layers 18 are depleted, the semiconductor layer 61 
serves as a path for holes. Hence, the depletion layer 
can easily spread to adjacent superjunction structures. 
As a result, the depletion layer can be quickly extended 
even in the horizontal direction, and the breakdown volt- 
age can increase. 

[0286] As the semiconductor layer 61 , a single-crystal 
silicon film, a polysilicon film, or a semi-insulating poly- 



silicon film can be used. The semiconductor layer 61 
preferably has an impurity concentration so as to make 
complete depletion possible when a high voltage is ap- 
plied. In this embodiment, a field plate is formed. How- 
ever, guard ring layers 59 described in the 31st embod- 
iment or a RESURF layer 60 described in the 32nd em- 
bodiment may be formed. As the sectional structure of 
the element region, not the structure described in the 
25th embodiment but any one of the structures de- 
scribed in the 26th to 28th embodiments may be used. 

<34th Embodiment 

[0287] A semiconductor device according to the 34th 
embodiment of the present invention will be described 
next with reference to FIG. 45. FIG. 45 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. This embodiment is related to the struc- 
ture of, particularly, the element terminating portion of 
the vertical power MOS transistor described in the 25th 
embodiment. A case wherein the planar pattern de- 
scribed in the 29th embodiment is not applied to the su- 
perjunction structures at an element terminating portion 
will be described. 

[0288] As shown in FIG. 45, the structure according 
to this embodiment is different from that shown in FIG. 
44 described in the 33rd embodiment in that instead of 
the semiconductor layer 61 , RESURF layers 18 formed 
on insulating films 50 are used as a path of holes at a 
portion with the insulating film 50. That is, the RESURF 
layer 1 8 is formed not only on the side and bottom sur- 
faces of a trench 51 but also on the insulating film 50. 
As a result, the insulating film 50 is completely surround- 
ed by the RESURF layer 18. With this structure, when 
the RESURF layers 18 are depleted, holes can move to 
adjacent superjunction structures through the RESURF 
layers 18 on the insulating films 50. Hence, the depletion 
layer can quickly spread even in the horizontal direction. 
As in the 33rd embodiment, the effect (8) can be ob- 
tained in addition to the effects (1) to (6). 
[0289] The structure shown in FIG. 45 can be imple- 
mented by recessing each insulating film 50 from the 
surface and forming the RESURF layer 18 again in the 
structure shown in FIG. 33D in the manufacturing meth- 
od described in the 25th embodiment. This structure can 
also be formed by recessing each insulating film 50 and 
then executing annealing at a high temperature in a hy- 
drogen atmosphere. In this case, the RESURF layers 
18 reflow upon annealing and flow into the regions 
where the insulating films 50 are removed. The RE- 
SURF layers 1 8 are jointed at the upper portion of each 
insulating film 50. In this embodiment, the sectional 
structure described in the 25th embodiment has been 
exemplified. However, the structure shown in FIG. 34, 
35, or 39 described in the 26th to 28th embodiments 
may be used. In this embodiment, a field plate is formed. 
However, guard ring layers 59 described in the 31 st em- 
bodiment or a RESURF layer 60 described in the 32nd 
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embodiment may be formed. 
<35th Embodiment 

[0290] A semiconductor device according to the 35th 5 
embodiment of the present invention will be described 
next with reference to FIG. 46A. FIG. 46A is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. 

[0291] As shown in FIG. 46A, in the MOS transistor 
according to this embodiment, an n-type semiconductor 
layer 64 is formed between a RESURF layer 18 and a 
drift layer 11 and drain layer 10 in the structure shown 
in FIG. 32 described in the 25th embodiment. The im- 
purity concentration in the drift layer 11 is set to almost 
the same low level as in the prior art. The n-type semi- 
conductor layer 64 has an impurity concentration higher 
than that in the drift layer 11 and almost equal to that in 
the RESURF layer 18. 

[0292] The semiconductor device having the above 
arrangement can be manufactured by forming the n- 
type semiconductor layer 64 in a trench 51 , forming the 
RESURF layer 18 on the semiconductor layer 64, and 
then, forming an insulating film 50 in FIG. 33C described 
in the manufacturing method according to the 25th em- 
bodiment. 

[0293] The semiconductor device having the above 
structure can obtain the following effects in addition to 
the effects (1) to (6). 

[0294] (9) The reliability in holding the breakdown 
voltage can be improved. In the structure shown in FIG. 
46A, the carrier path between a base layer 12 and the 
drain layer 1 0 is not the drift layer 11 but the n-type sem- 
iconductor layer 64. Hence, the drift layer 11 need not 
have a high impurity concentration. When the impurity 
concentration in the drift layer 11 is low, a superjunction 
structure is substantially formed from the RESURF layer 
18 and n-type semiconductor layer 64. The drift layer 11 
does not function as a superjunction structure anymore. 
Both the RESURF layer 18 and n-type semiconductor 
layer 64 are formed by crystal growth in the trench 51. 
Hence, even when the RESURF layer 18 and n-type 
semiconductor layer 64 have impurity concentration dis- 
tributions different from designed value in the direction 
of depth in the trench, the distributions are almost the 
same. In addition, the RESURF layer 18 and n-type 
semiconductor layer 64 have almost the same impurity 
concentration. Since a superjunction structure is formed 
by a p-n junction with the same impurity concentration, 
the reliability in holding the breakdown voltage can be 
improved. 

[0295] (10) Design of semiconductor device can be 
simplified. Since the impurity concentration in the drift 
layer 11 can be reduced, a depletion layer can quickly 
extend in the drift layer 1 1 . Hence, the special structures 
described in the 29th, 33rd, and 34th embodiments are 
not required at the element terminating portion. To re- 
duce the ON resistance, the impurity concentration not 



in the drift layer 11 but in the n-type semiconductor layer 
64 is increased. The drift layer 11 can have an impurity 
concentration almost equal to or less than the impurity 
concentration in the prior art. Hence, the same structure 
as in the prior art can be applied to the element termi- 
nating portion. The effect (10) will be described below 
in detail with reference to FIGS. 46B and 46C. 
[0296] FIG. 46B is a plan view of the vertical power 
MOS transistor according to this embodiment. FIG. 46C 
is a sectional view taken along a line 46C - 46C in FIG. 
46B. 

[0297] As shown in FIGS. 46B and 46C, since the drift 
layer 11 at the element terminating portion has a low 
impurity concentration, a depletion layer can quickly 
spread. Hence, no superjunction structure is necessary 
at the element terminating portion. The breakdown volt- 
age can be maintained only with a field plate 63. As in 
a normal MOS transistor, a RESURF layer 60 shown in 
FIG. 43B or guard rings 59 shown in FIG. 42B may be 
formed. 

[0298] As shown in FIG. 46B, the field plate 63 is not 
present on longitudinal end portions of the trenches 51 
in the element region. Hence, the voltage applied to the 
trench end portions is suppressed. Even when the crys- 
tallinity of the semiconductor layer that fills a trench end 
portion degrades, the breakdown voltage can be main- 
tained. A guard ring 55 formed at the outermost periph- 
ery of the element region is preferably formed along the 
pattern of the trenches 51 . In this case, the superjunc- 
tion structure can be symmetrical, i.e., can have identi- 
cal structures at the central portion and the end portion 
of the element region. Hence, the reliability in holding 
the breakdown voltage can be improved. Even when the 
n-type semiconductor layer 64 is formed by ion implan- 
tation from oblique directions after formation of the 
trenches 51 , and the n-type semiconductor layers 64 are 
present only in the side walls of the drift layer 11, the 
same effects as described above can be obtained. 

<36th Embodiment 

[0299] A semiconductor device according to the 36th 
embodiment of the present invention will be described 
next with reference to FIG. 47. FIG. 47 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. In this embodiment, the structure (FIG. 35) 
described in the 28th embodiment and the structure de- 
scribed in the 35th embodiment are combined. That is, 
n-type semiconductor layers 64 and RESURF layers 18 
are formed by ion implantation from oblique directions 
such that they are present only in the side walls of a drift 
layer 11 . Each trench 51 is filled with a lightly-doped or 
undoped semiconductor layer 52 and insulating film 50. 
[0300] Even with this structure, the same effects as 
described above can be obtained. 
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<37th Embodiment 

[0301] A semiconductor device according to the 37th 
embodiment of the present invention will be described 
next with reference to FIG. 48. FIG. 48 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. 

[0302] In the MOS transistor according to this embod- 
iment, an insulating film 50 described in the 25th em- 
bodiment is replaced with a semiconductor layer 65 hav- 
ing a low impurity concentration. According to this ar- 
rangement effects (11) and (12) can be obtained in ad- 
dition to the above-described effects. 
[0303] (11) The breakdown voltage is not influenced 
by cavities in a trench. As described in the prior art, when 
a trench is to be filled with a semiconductor layer, the 
crystal growth rate changes between the upper portion 
and the lower portion of the trench. Hence, a cavity 66 
is generated. In this case, since the thickness of the RE- 
SURF layer changes between the upper portion and the 
lower portion of the trench, the breakdown voltage de- 
grades. In the arrangement of this embodiment, howev- 
er, a RESURF layer 1 8 is formed so thick that no cavity 
is generated in a trench 51 . The trench 51 is not com- 
pletely filled with the RESURF layer 18. After that, the 
trench 51 is filled with the semiconductor layer 65 having 
a low impurity concentration. Even when the cavity 66 
is generated in the semiconductor layer 65, and the 
thickness changes between the upper portion and the 
lower portion in the trench 51, the semiconductor layer 
65 does not substantially contribute to the superjunction 
structure because the layer has a low impurity concen- 
tration. Hence, the breakdown voltage does not de- 
crease. 

When the trench 51 is filled with the semiconductor lay- 
er, it is only necessary to change the concentration of 
an impurity to be doped, and crystal growth can be con- 
tinuously executed. Hence, the manufacturing process 
can be simplified. 

[0304] (12) The structure at the element terminating 
portion can be simplified. In the 25th to 35th embodi- 
ments, each trench 51 is filled with an insulating layer. 
Hence, a depletion layer cannot extend to adjacent su- 
perjunction structures. For this reason, a specific struc- 
ture as described in the 29th embodiment is necessary. 
In the 37th embodiment, however, since each trench 51 
is filled with the semiconductor layer 65. The superjunc- 
tion structures are electrically connected, and a path of 
holes is ensured. Hence, a superjunction structure 
needs to have no specific structure, unlike the 29th em- 
bodiment. The breakdown voltage can be maintained 
only by a conventional means (a field plate or guard 
ring). The manufacturing process can be simplified. 
The structure of this embodiment can also be applied to 
the structures shown in FIGS. 34, 35, 39, 46A, and 47. 
[0305] In the 25th to 37th embodiments, to completely 
fill the trench 51, the insulating film 50 is used. If the 
trench 51 is to be filled with a single-crystal semicon- 



ductor layer, the insulating film 50 need not be used. 
<38th Embodiment 

5 [0306] A semiconductor device according to the 38th 
embodiment of the present invention will be described 
next with reference to FIGS. 49A and 49B. FIGS. 49A 
and 49B are sectional views of a vertical power MOS 
transistor according to this embodiment. In this embod- 

10 iment, the first and 25th embodiments are combined. 
[0307] As shown in FIGS. 49A and 49B, in the struc- 
ture according to this embodiment, an insulating film 50 
is formed in each RESURF layer 1 8 of the structure 
shown in FIG. 2. In the structure shown in FIG. 49A, the 

15 RESURF layer 18 and insulating film 50 are arranged 
under a base layer 1 2. The insulating film 50 may extend 
through the base layer 12, as shown in FIG. 49B. 
[0308] A method of manufacturing the vertical power 
MOS transistor having the above arrangement will be 

20 described with reference to FIGS. 50A and SOB. 

FIGS. 50A and 50B are sectional views sequentially 
showing steps in manufacturing the vertical power MOS 
transistor shown in FIGS. 49A and 49B. 
[0309] First, the structure shown in FIG. 7B is ob- 

25 tained by the process described in the third embodi- 
ment. After a mask material 23 is removed, the RESURF 
layer 18 is formed in the trench and on a second drift 
layer 19. The insulating film 50 is formed on the RE- 
SURF layer 18. At this time, the RESURF layer 18 does 

30 not completely fill the trench. On the other hand, the in- 
sulating film 50 fills the trench. As a result, the structure 
shown in FIG. 50A can be obtained. 
[0310] Next, as shown in FIG. SOB, the insulating film 
50 and RESURF layer 18 on the second drift layer are 

35 polished and planarized, thereby leaving the insulating 
film 50 and RESURF layer 18 only in the trench. 
[0311] After that, the vertical power MOS transistor 
shown in FIGS. 49A and 49B is completed by a known 
MOS process. 

40 [0312] According to the structure of this embodiment, 
the filling process in the trench is facilitated. In addition 
to the effects described in the first embodiment, the ef- 
fects described in the 25th embodiment can also be ob- 
tained. 

45 

<39th Embodiment 

[031 3] A semiconductor device according to the 39th 
embodiment of the present invention will be described 
50 next with reference to FIG. 51. FIG. 51 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. In this embodiment, the first and 26th em- 
bodiments are combined. 

[0314] As shown in FIG. 51 , in the structure according 
55 to this embodiment, the positions of a RESURF layer 1 8 
and second drift layer 19 of the structure shown in FIG. 
49A are exchanged. 

[031 5] Even in this embodiment, the effects described 
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in the first and 25th embodiments can be obtained. As 
a method of manufacturing the arrangement of this em- 
bodiment, in the step shown in FIG, 50A, the RESURF 
layer 1 8 is formed on a drift layer 11 in place of the sec- 
ond drift layer 19. After a trench is formed in the RE- 5 
SURF layer 18, the second drift layer 19 and an insulat- 
ing film 50 are buried in the trench, thereby forming the 
structure of this embodiment. 

<40th Embodiment 

[031 6] A semiconductor device according to the 40th 
embodiment of the present invention will be described 
next with reference to FIG. 52. FIG. 52 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. In this embodiment, the first and 27th em- 
bodiments are combined. 

[0317] As shown in FIG. 52, an insulating film 50 is 
formed in a RESURF layer 18 of the structure shown in 
FIG. 2 described in the first embodiment. In addition, a 
lightly-doped semiconductor layer 52 is formed between 
the RESURF layer 18 and the insulating film 50. 
[0318] With the above arrangement, the effects de- 
scribed in the first and 27th embodiments are obtained. 

<41st Embodiment 

[0319] A semiconductor device according to the 41st 
embodiment of the present invention will be described 
next with reference to FIG. 53. FIG. 53 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. In this embodiment, the first and 28th em- 
bodiments are combined. 

[0320] As shown in FIG. 53, in the structure according 
to this embodiment, the positions of a RESURF layer 18 
and second drift layer 19 of the structure shown in FIG. 
52 are exchanged. 

[0321] Even with the above arrangement, the effects 
described in the first and 27th embodiments are ob- 
tained. 

<42nd Embodiment 

[0322] A semiconductor device according to the 42nd 
embodiment of the present invention will be described 
next with reference to FIG. 54. FIG. 54 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. In this embodiment, the first and 35th em- 
bodiments are combined. 

[0323] As shown in FIG. 54, an insulating film 50 is 
formed in a RESURF layer 18 of the structure shown in 
FIG. 2 described in the first embodiment. In addition, an 
n-type semiconductor layer 64 having an impurity con- 
centration almost the same as that in the RESURF layer 
18 is formed between the RESURF layer 18 and a sec- 
ond drift layer 1 9. 

[0324] According to the above arrangement, the ef- 
fects described in the first and 35th embodiments are 



obtained. 

<43rd Embodiment 

[0325] A semiconductor device according to the 43rd 
embodiment of the present invention will be described 
next with reference to FIG. 55. FIG. 55 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. In this embodiment, the first and 36th em- 
bodiments are combined. 

[0326] As shown in FIG. 55, an insulating film 50 is 
formed in a RESURF layer 18 of the structure shown in 
FIG. 2 described in the first embodiment. In addition, a 
lightly-doped semiconductor layer 52 is formed between 
the RESURF layer 18 and the insulating film 50. Fur- 
thermore, an n-type semiconductor layer 64 having an 
impurity concentration almost the same as that in the 
RESURF layer 18 is formed between the RESURF layer 
18 and a second drift layer 19. 
[0327] According to the above arrangement, the ef- 
fects described in the first and 36th embodiments are 
obtained. 

<44th Embodiment 

[0328] A semiconductor device according to the 44th 
embodiment of the present invention will be described 
next with reference to FIG. 56. FIG. 56 is a sectional 
view of a vertical power MOS transistor according to this 
embodiment. In this embodiment, the first and 37th em- 
bodiments are combined. 

[0329] As shown in FIG. 56, a semiconductor layer 50 
having a low impurity concentration is formed in a RE- 
SURF layer 18 of the structure shown in FIG. 2 de- 
scribed in the first embodiment. 
[0330] According to the above arrangement, the ef- 
fects described in the first and 37th embodiments are 
obtained. 

[0331] As described above, according to the first to 
44th embodiments of the present invention, a semicon- 
ductor device which can increase the breakdown volt- 
age and simultaneously reduce the ON resistance and 
can also eliminate a variation in breakdown voltage, and 
a method of manufacturing the semiconductor device 
can be provided. Various changes and modifications 
can be made in the above embodiments. A semiconduc- 
tor layer in the above embodiments may have an oppo- 
site conductivity type. The planar pattern of the RE- 
SURF layers 18 of superjunction structures is not limited 
to a stripe pattern. For example, a matrix pattern, stag- 
gered pattern, or dot pattern may be used. 
[0332] In the first to 44th embodiments, planar type 
MOS transistors have been exemplified. These embod- 
iments can also be applied to a trench gate type MOS 
transistor. In the 30th to 35th embodiments, the channel 
stopper 56 may be electrically connected to a superjunc- 
tion structure. MOS transistors using silicon as a semi- 
conductor material have been exemplified. However, 
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4. The device according to claim 2, characterized in 
that an impurity amount contained in the RESURF 
layer (18) falls within a range of 0.87 to 1.5 times 
that contained in the second drift layer (19). 

5 

5. The device according to claim 2, characterized in 
that a depth of the RESURF layer (18) falls within 
a range of 0.95 to 1 .05 times that of the second drift 
layer (19). 

10 

6. The device according to claim 5, characterized in 
that an impurity amount contained in the RESURF 
layer (18) falls within a range of 1 to 1 .3 times that 
contained in the second drift layer (19). 

15 

7. The device according to claim 2, characterized in 
that when a rated voltage is applied between the 
source and drain electrodes (17, 16), the RESURF 
layer (18) and base layer (12) completely deplete 

20 the second drift layer (19) by at least one of the p- 
n junction including the second drift layer (19) and 
RESURF layer (18) and a p-n junction including the 
second drift layer (19) and base layer (12). 



the embodiment according to present invention can also 
be applied to a structure using a compound semicon- 
ductor such as silicon carbide or gallium nitride. The em- 
bodiment according to present invention can be appro- 
priately applied not only to a MOS transistor but also to 
any semiconductor device having a superjunction struc- 
ture, such as a JFET (Junction Field Effect Transistor), 
SBD (Schottky Barrier Diode), SIT (Static Induction 
Transistor), or IGBT (Insulated Gate Bipolar Transistor). 



Claims 

1. A semiconductor device characterized by com- 
prising: 

a drain layer (10) having a first conductivity 
type; 

a first drift layer (1 1 ) having the first conductivity 
type and formed on the drain layer (10); 
second drift layers (19, 33) having the first con- 
ductivity type and RESURF layers (18) having 
a second conductivity type, which are formed 
on the first drift layer (11) and periodically ar- 
ranged in a direction perpendicular to a direc- 
tion of depth, the RESURF layer (18) forming a 
depletion layer in the second drift layer (19, 33) 
by a p-n junction including the second drift layer 
(19, 33) and RESURF layer (18), and the first 
drift layer (11) having an impurity concentration 
different from that in the second drift layer (19, 
33); 

a drain electrode (16) electrically connected to 
the drain layer (10); 

a base layer (12) having the second conductiv- 
ity type and selectively formed in surface re- 
gions of the second drift layer (19, 33) and RE- 
SURF layer (18); 

a source layer (13) having the first conductivity 
type and selectively formed in a surface region 
of the base layer (12); 

a source electrode (17) formed in contact with 
surfaces of the base layer (1 2) and source layer 
(13); and 

a gate electrode (15) formed on the base layer 
(12) located between the source layer (1 3) and 
the second drift layer (1 9) with a gate insulating 
film (14) interposed therebetween. 

2. The device according to claim 1 , characterized in 
that the impurity concentration in the first drift layer 
(11 ) is lower than that in the second drift layer (19). 

3. The device according to claim 2, characterized in 
that a ratio of a thickness of the second drift layer 
(1 9) to a sum of thicknesses of the first and second 
drift layers (11, 19)fallswithinarangeof0.21 to0.8. 



25 8. The device according to claim 2, characterized in 
that when a voltage not less than 1/2 a rated voltage 
is applied between the source and drain electrodes 
(17,16), the RESURF layer (1 8) and base layer (1 2) 
completely deplete the second drift layer (19) by at 

30 least one of the p-n junction including the second 
drift layer (19) and RESURF layer (18) and a p-n 
junction including the second drift layer (19) and 
base layer (12). 

35 9. The device according to claim 2, characterized in 
that at least one of the second drift layer (19) and 
RESURF layer (18) has an impurity concentration 
profile in which the impurity concentration changes 
in the direction of depth. 

40 

10. The device according to claim 2, characterized by 
further comprising a first insulating film (22) formed 
between the second drift layer (19) and the RE- 
SURF layer (18). 

45 

11. The device according to claim 2, characterized by 
further comprising a first insulating film (22) formed 
in one of the second drift layer (19) and RESURF 
layer (18). 

50 

12. The device according to claim 1 0, characterized in 
that at least one of the second drift layer (19) and 
RESURF layer (18) has an impurity concentration 
profile in which the impurity concentration changes 

55 in the direction perpendicular to the direction of 
depth. 

13. The device according to claim 2, characterized in 
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that the second drift layer (19) and RESURF layer 
(18) are formed even on the first drift layer (11) at 
an element terminating portion in the same manner 
as that at an element central portion. 

14. The device according to claim 2, characterized by 
further comprising a first semiconductor layer (30) 
having the first conductivity type, which is formed 
on the first drift layer (1 1 ) at an element terminating 
portion and has an impurity concentration lower 
than that in the second drift layer (19). 

15. The device according to claim 2, characterized in 
that the first drift layer (11) has an impurity concen- 
tration profile in which the impurity concentration 
changes in the direction of depth. 

16. The device according to claim 2, characterized by 
further comprising a plurality of second semicon- 
ductor layers (25) having the first conductivity type, 
which are formed at a lower portion of the first drift 
layer (11) at a predetermined interval and have an 
impurity concentration higher than that in the first 
drift layer (11). 

17. The device according to claim 1, characterized in 
that the second drift layers (33) and RESURF lay- 
ers (1 8) are formed to fill a plurality of first trenches 
formed in the first drift layer (11 ), and the RESURF 
layers (18) sandwich the second drift layers (33) in 
the direction perpendicular to the direction of depth, 
and each RESURF layer (18) has one side wall in 
contact with the first drift layer (11) and the other 
side wall in contact with the second drift layer (33). 

1 8. The device according to claim 1 7, characterized in 
that a width of the first drift layer (11) located be- 
tween adjacent first trenches is different from that 
of the second drift layer (33) adjacent to the first drift 
layer (11) via the RESURF layer (18). 

19. The device according to claim 17, characterized 
by further comprising: 

a third semiconductor layer (39) having the sec- 
ond conductivity type and formed on a side wall 
of a second trench formed in the first drift layer 
(11) at an element terminating portion; 
a fourth semiconductor layer (40) having the 
first conductivity type, which is formed to fill the 
second trench and sandwiched between the 
third semiconductor layers (39) in the direction 
perpendicular to the direction of depth; and 
a fifth semiconductor layer (41 ) having the sec- 
ond conductivity type, which is formed in a sur- 
face region of the fourth semiconductor layer 
(40) to electrically connect a plurality of third 
semiconductor layers (39). 



20. The device according to claim 1 9, characterized in 
that the fifth semiconductor layer (41 ) is electrically 
connected to the base layer (12), and 

at least one of a p-n junction including the third 
5 and fourth semiconductor layers (39, 40) and a p-n 
junction including the fourth and fifth semiconductor 
layers (40, 41 ) forms a depletion layer in the fourth 
semiconductor layer (40). 

10 21. The device according to claim 17, characterized 
by further comprising: 

a sixth semiconductor layer (42) having the 
second conductivity type, which is formed on a 
15 bottom surface and side walls of a third trench 

formed in the first drift layer (11) at an element 
terminating portion; 

a seventh semiconductor layer (43) having the 
first conductivity type, which is formed on the 
20 sixth semiconductor layer (42) to fill the third 

trench; and 

an eighth semiconductor layer (44) having the 
second conductivity type, which is formed in a 
surface region of the seventh semiconductor 
25 layer (43) to surround the seventh semiconduc- 

tor layer (43) together with the sixth semicon- 
ductor layer (42). 

22. The device according to claim 21 , characterized in 
30 that the eighth semiconductor layer (44) electrically 

connects a plurality of seventh semiconductor lay- 
ers (43). 

23. The device according to claim 21 , characterized in 
35 that the eighth semiconductor layer (44) is electri- 
cally connected to the base layer (12), and 

at least one of a p-n junction including the 
sixth and seventh semiconductor layers (42, 43) 
and a p-n junction including the seventh and eighth 
40 semiconductor layers (43, 44) forms a depletion lay- 
er in the seventh semiconductor layer (43). 

24. The device according to claim 17, characterized 
by further comprising: 

45 

a ninth semiconductor layer (39) having the 
second conductivity type and formed at least 
on a side wall of a fourth trench formed in the 
first drift layer (11) at an element terminating 

50 portion; 

a 1 0th semiconductor layer (40) having the first 
conductivity type, which is formed to fill the 
fourth trench and located in the fourth trench 
while being sandwiched between the ninth 

55 semiconductor layers (39) in the direction per- 

pendicular to the direction of depth; 
a second insulating film (47) formed on the 
ninth and 10th semiconductor layers (39, 40); 
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and 

one (48) of metal layer and 1 1th semiconductor 
layers formed on the second insulating film 
(47), the 11th semiconductor layer made of a 
conductive material. 

25. The device according to claim 1 , characterized by 
further comprising one (50) of a third insulating film 
and 12th semiconductor layer formed in the RE- 
SURF layer (1 8), the 1 2th semiconductor layer (50) 
having an impurity concentration lower than those 
in the second drift layer (19) and RESURF layer 
(18), 

wherein the RESURF layer (18) is located be- 
tween the second drift layer (1 9) and one (50) of the 
third insulating film and 12th semiconductor layer. 

26. The device according to claim 1 , characterized by 
further comprising one (50) of a third insulating film 
and 1 2th semiconductor layer formed in the second 
drift layer (19), the 12th semiconductor layer (50) 
having an impurity concentration lower than those 
in the second drift layer (19) and RESURF layer 
(18), 

wherein the second drift layer (19) is located 
between the RESURF layer (18) and one (50) of the 
third insulating film and 12th semiconductor layer. 

27. A semiconductor device characterized by com- 
prising: 



film and first semiconductor layer and between the 
drift layer (1 1 ) and one (50) of the first insulating film 
and first semiconductor layer. 

5 30. The device according to claim 28, characterized 
by further comprising: 

a base layer (12) having the second conductiv- 
ity type and formed in surface regions of the 
10 drift layer (1 1 ) and RESURF layer (1 8); 

a source layer (13) having the first conductivity 
type and formed in a surface region of the base 
layer (12); and 

a gate electrode (15) formed on the base layer 
15 (1 2) between the drift layer (1 1 ) and the source 

layer (13) with a gate insulating film (14) inter- 
posed therebetween. 

31. The device according to claim 30, characterized 
20 by further comprising a second semiconductor lay- 
er (64) having the first conductivity type, which is 
formed between the RESURF layer (18) and the 
drain layer (10) and between the RESURF layer 
(1 8) and the drift layer (11) and has an impurity con- 

25 centration higher than that in the drift layer (11 ). 

32. The device according to claim 30, characterized in 
that a bottom surface of the RESURF layer (18) is 
located at a position deeper than a bottom surface 

30 of the drift layer (11). 



15 



20 



a drain layer (10) having a first conductivity 
type; 

a drift layer (11) having the first conductivity 
type, which is formed on the drain layer (1 0) and 
has an impurity concentration lower than that 
in the drain layer (10); and 
a RESURF layer (18) having a second conduc- 
tivity type and formed to extend from a surface 
of the drift layer (11) into the drain layer (10), 
the RESURF layer (1 8) forming a superjunction 
structure together with the drift layer (11) and 
forming a depletion layer in the drift layer (11). 

28. The device according to claim 27, characterized 
by further comprising one (50) of a first insulating 
film and first semiconductor layer formed to extend 
from a surface of the RESURF layer ( 1 8) to the drain 
layer (10), the first semiconductor layer (50) having 
an impurity concentration lower than those in the 
drift layer (11) and RESURF layer (18), 

wherein the RESURF layer (1 8) is located be- 
tween the drift layer (11) and one (50) of the first 
insulating film and first semiconductor layer. 

29. The device according to claim 28, characterized in 
that the RESURF layer (1 8) is located between the 
drain layer (10) and one (50) of the first insulating 



33. The device according to claim 30, characterized in 
that the RESURF layer (18) has a planar pattern 
with a stripe shape in a first direction along the gate 
electrode (15) in an element region where a semi- 
conductor element is present, 

a plurality of RESURF layers (18) are formed 
at an element terminating portion in a second direc- 
tion perpendicular to the first direction, and 

the plurality of RESURF layers (18) at the el- 
ement terminating portion are electrically connect- 
ed. 

34. The device according to claim 33, characterized 
by further comprising one (61 ) of a conductive film 
and third semiconductor layer formed on the RE- 
SURF layer (18) and drift layer (11) to connect the 
plurality of RESURF layers (18) at the element ter- 
minating portion. 

35. The device according to claim 34, characterized in 
that an upper portion of one (50) of the first insulat- 
ing film and first semiconductor layer at the element 
terminating portion is recessed, and the recessed 
region is further filled with the RESURF layer (18). 

36. The device according to claim 30, characterized in 
that the RESURF layer (18) has a planar pattern 
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with a stripe shape in a first direction along the gate 
electrode (15) in an element region where a semi- 
conductor element is present, 

a plurality of RESURF layers (18) are formed 
at an element terminating portion in a second direc- 
tion perpendicular to the first direction, and 

the RESURF layers (1 8) at the element termi- 
nating portion have a planar pattern with a stripe 
shape along the second direction. 

37. The device according to claim 30, characterized in 
that the RESURF layers (18) are arranged in a ma- 
trix. 

38. The device according to claim 30, characterized 
by further comprising a fourth semiconductor layer 
(52) formed between the RESURF layer (18) and 
one (50) of the first insulating film and first semicon- 
ductor layer, 

wherein the base layer (12) is formed in sur- 
face regions of the drift layer (11), RESURF layer 
(18), and fourth semiconductor layer (52). 

39. The device according to claim 38, characterized 
by further comprising a fifth semiconductor layer 
(64) having the first conductivity type, which is 
formed between the RESURF layer (18) and the 
drift layer (11) and has an impurity concentration 
higher than that in the drift layer (11). 

40. The device according to claim 38, characterized in 
that the fourth semiconductor layer (52) has an im- 
purity concentration lower than those in the drift lay- 
er (11) and RESURF layer (18). 

41 . The device according to claim 38, characterized in 
that the fourth semiconductor layer (52) has an im- 
purity concentration almost equal to that in one of 
the drift layer (11) and RESURF layer (18) and the 
same conductivity type as that of the drift layer (11). 

42. The device according to claim 27, characterized 
by further comprising one (50) of a first insulating 
film and first semiconductor layer formed to extend 
from a surface of the drift layer (11 ) to the drain layer 
(10), the first semiconductor layer (50) having an 
impurity concentration lower than those in the drift 
layer (11) and RESURF layer (18), 

wherein the drift layer (1 1 ) is located between 
the RESURF layer (18) and one (50) of the first in- 
sulating film and first semiconductor layer. 

43. The device according to claim 42, characterized in 
that the drift layer (11 ) is located between the drain 
layer (10) and one (50) of the first insulating film and 
first semiconductor layer and between the RESURF 
layer (18) and one (50) of the first insulating film and 
first semiconductor layer. 



44. The device according to claim 42, characterized 
by further comprising: 

a base layer (12) having the second conductiv- 
5 ity type and formed in surface regions of the 

drift layer (11) and RESURF layer (18); 
a source layer (13) having the first conductivity 
type and formed in a surface region of the base 
layer (12); and 

10 a gate electrode (1 5) formed on the base layer 

(12) between the drift layer (11 ) and the source 
layer (13) with a gate insulating film (14) inter- 
posed therebetween. 

15 45. The device according to claim 44, characterized in 
that the drift layer (11 ) has a planar pattern with a 
stripe shape in a first direction along the gate elec- 
trode (15) in an element region where a semicon- 
ductor element is present, 

20 at an element terminating portion, the RE- 

SURF layer (18) is formed on the drain layer (10), 
a plurality of drift layers (1 1 ) are formed in the 
RESURF layers (1 8) at the element terminating por- 
tion in a second direction perpendicular to the first 

25 direction, and 

the plurality of RESURF layers (18) at the el- 
ement terminating portion are electrically connect- 
ed. 

30 46. The device according to claim 45, characterized 
by further comprising one (61 ) of a conductive film 
and second semiconductor layer formed on the RE- 
SURF layer (18) and drift layer (11) to connect the 
plurality of RESURF layers (18) at the element ter- 

35 minating portion. 

47. The device according to claim 46, characterized in 
that an upper portion of one (50) of the first insulat- 
ing film and first semiconductor layer at the element 

40 terminating portion is recessed, and the recessed 
region is further filled with the drift layer (11). 

48. The device according to claim 44, characterized in 
that at an element terminating portion, the RE- 

45 SURF layer (1 8) is formed on the drain layer (1 0), 
the drift layer (11 ) has a planar pattern with a 
stripe shape in a first direction along the gate elec- 
trode (15) in an element region where a semicon- 
ductor element is present, 

so a plurality of drift layers (11 ) are formed at the 

element terminating portion in a second direction 
perpendicular to the first direction, and 

the drift layers (11 ) at the element terminating 
portion have a planar pattern with a stripe shape 

55 along the second direction. 

49. The device according to claim 44, characterized in 
that the drift layers (11) are arranged in a matrix. 



35 



69 



EP1 267 415 A2 



70 



50. The device according to claim 44, characterized 
by further comprising a third semiconductor layer 
(52) formed between the drift layer (1 1 ) and one (50) 
of the first insulating film and first semiconductor 
layer, 5 

wherein the base layer (12) is formed in sur- 
faces of the drift layer (11), RESURF layer (1 8), and 
third semiconductor layer (52). 

51 . The device according to claim 50, characterized in 10 
that the third semiconductor layer (52) has an im- 
purity concentration lower than those in the drift lay- 
er (11) and RESURF layer (18). 

52. The device according to claim 50, characterized in 15 
that the third semiconductor layer (52) has an im- 
purity concentration almost equal to that in one of 
the drift layer (11) and RESURF layer (18) and the 
same conductivity type as that of the drift layer (1 1 ). 

53. The device according to claim 44, characterized in 
that a bottom surface of the drift layer (1 1 ) is located 
at a position deeper than a bottom surface of the 
RESURF layer (18). 

54. A method for fabricating a semiconductor device, 
characterized by comprising: 

forming a first drift layer (11 ) having a first con- 
ductivity type on a drain layer (10) having the 
first conductivity type; 

forming a trench in a surface region of the first 
drift layer (11); 

forming a first RESURF layer (18) having a sec- 
ond conductivity type by doping an impurity into 
an inner wall side surface of the trench; 
forming a second drift layer (33) having the first 
conductivity type in the trench; 
selectively forming a base layer (1 2) having the 
second conductivity type in surface regions of 
the first and second drift layers (11 , 33) and first 
RESURF layer (18); 

selectively forming a source layer (13) having 
the first conductivity type in a surface region of 
the base layer (12); 

forming a gate insulating film (14) on the base 
layer (12) located at least between the first drift 
layer (11) and the source layer (13) and be- 
tween the second drift layer (33) and the source 
layer (13); and 

forming a gate electrode (15) on the gate insu- 
lating film (14). 

55. A method for fabricating a semiconductor device, 
characterized by comprising: 

forming a first drift layer (1 1 ) having a first con- 
ductivity type on a drain layer (10) having the 



first conductivity type; 

forming a trench in a surface region of the first 
drift layer (11); 

forming a RESURF layer (18) having a second 
conductivity type by doping an impurity into a 
side surface of the trench; 
forming a second drift layer (33) having the first 
conductivity type by doping an impurity into a 
surface of the RESURF layer (18) exposed into 
the trench; 

moving atoms in the second drift layer (33) by 
annealing in an atmosphere containing hydro- 
gen so as to fill a remaining portion in the 
trench; 

selectively forming a base layer (12) having the 
second conductivity type in surface regions of 
the first and second drift layers (1 1 , 33) and RE- 
SURF layer (18); 

selectively forming a source layer (13) having 
the first conductivity type in a surface region of 
the base layer (12); 

forming a gate insulating film (14) on the base 
layer (12) located at least between the first drift 
layer (11) and the source layer (13) and be- 
tween the second drift layer (33) and the source 
layer (13); and 

forming a gate electrode (15) on the gate insu- 
lating film (14). 

56. The method according to claim 54, characterized 
in that formation of the second drift layer (33) is 
stopped before the second drift layer (33) complete- 
ly fills the trench, and 

the method further comprises, after formation 
of the second drift layer (33) is stopped, forming an 
insulating film (34) on the second drift layer (33) so 
as to fill a remaining portion in the trench. 

57. The method according to claim 54, characterized 
in that formation of the second drift layer (33) is 
stopped before the second drift layer (33) complete- 
ly fills the trench, and 

the method further comprises, after formation 
of the second drift layer (33) is stopped, moving at- 
oms in the second drift layer (33) by annealing in an 
atmosphere containing hydrogen so as to fill a re- 
maining portion in the trench. 

58. The method according to claim 54, characterized 
in that formation of the second drift layer (33) is 
stopped before the second drift layer (33) complete- 
ly fills the trench, and 

the method further comprises, after formation 
of the second drift layer (33) is stopped, doping an 
impurity into a surface of the second drift layer (33) 
exposed into the trench so as to form a second RE- 
SURF layer (36) having the second conductivity 
type, and 
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forming a third drift layer (37) having the first 
conductivity type in the trench so as to fill the trench. 

59. The method according to claim 54 or 55, charac- 
terized in that forming the first RESURF layer (18) 
includes ion-implanting the impurity in an oblique di- 
rection with respect to a direction of depth of the 
trench. 

60. A method for fabricating a semiconductor device, 
characterized by comprising: 



er (11 ) and RESURF layer (1 8). 

64. The method according to claim 60, characterized 
in that in forming the trench (51), a plurality of 
5 trenches (51) having a planar pattern with a stripe 
shape are formed, 

in forming the gate electrode (15), the gate 
electrode (15) is formed into a planar pattern with a 
stripe shape along the same direction as that of the 
10 trenches (51), and 

forming the RESURF layer (18) includes: 



forming a drift layer (11 ) having a first conduc- 
tivity type on a drain layer (10) having the first 
conductivity type, the drift layer (11 ) having an 
impurity concentration lower than that in the 
drain layer (10); 

forming a trench (51 ) extending from a surface 
of the drift layer (11) into the drain layer (10); 
forming a RESURF layer (18) having a second 
conductivity type in the trench (51); 
selectively forming a base layer (12) having the 
second conductivity type in surface regions of 
the drift layer (11) and RESURF layer (18); 
selectively forming a source layer (1 3) having 
the first conductivity type in a surface region of 
the base layer (12); 

forming a gate insulating film (14) on the base 
layer (1 2) located at least between the drift lay- 
er (11) and the source layer (13); and 
forming a gate electrode (15) on the gate insu- 
lating film (14). 

61. The method according to claim 60, characterized 
in that forming the RESURF layer (18) includes: 



forming the RESURF layer (18) on the drain 
layer (10) and drift layer (11) so as not to com- 

15 pletely fill the trench (51); 

forming, on the RESURF layer (1 8), one (50) of 
a first semiconductor layer and insulating film 
so as to completely fill the trench (51 ), the first 
semiconductor layer having an impurity con- 

20 centration lower than those in the drift layer (11) 

and RESURF layer (18); and 
removing and planarizing one (50) of the insu- 
lating film and first semiconductor layer and 
part of the RESURF layer (1 8) until the drift lay- 

25 er (11) is exposed. 

65. The method according to claim 64, characterized 
by further comprising after forming the trench (51 ), 
forming, on the drain layer (10) and drift layer (11), 
30 a second semiconductor layer (64) having the first 
conductivity type and an impurity concentration 
higher than that in the drift layer (11) so as not to 
completely fill the trench (51), 

wherein the RESURF layer (18) is formed on 
35 the second semiconductor layer (64). 



forming the RESURF layer (18) along side and 
bottom surfaces of the trench so as not to com- 
pletely fill the trench; and 

forming, on the RESURF layer (1 8), one (50) of *o 
a first semiconductor layer and insulating film 
to fill the trench (51), the first semiconductor 
layer having an impurity concentration lower 
than those in the drift layer (11) and RESURF 
layer (18). 45 



66. The method according to claim 60, characterized 
in that in forming the trench (51), a plurality of 
trenches (51) having a planar pattern with a stripe 
shape are formed, 

in forming the gate electrode (15), the gate 
electrode (15) is formed into a planar pattern with a 
stripe shape along the same direction as that of the 
trenches (51), and 

forming the RESURF layer (18) includes: 



62. The method according to claim 60, characterized 
in that forming the RESURF layer (18) includes ion- 
implanting an impurity from the trench (51) into the 
drift layer (11 ) from an oblique direction to form the 
RESURF layer (1 8) on a side wall of the trench (51 ). 

63. The method according to claim 62, characterized 
by further comprising, after the RESURF layer (1 8) 
is formed, forming, in the trench (51), one (50) of a 
first semiconductor layer and insulating film to fill the 
trench, the first semiconductor layer having an im- 
purity concentration lower than those in the drift lay- 



forming the RESURF layer (1 8) having the sec- 
ond conductivity type by ion-implanting, from 
an oblique direction, an impurity into the drift 
so layer (11 ) exposed to a side wall of the trench 

(51); 

forming, on the drain layer (10), drift layer (11), 
and RESURF layer (18), a third semiconductor 
layer (52) having an impurity concentration low- 
55 er than those in the drift layer (11 ) and RESURF 

layer (1 8) so as not to completely fill the trench 
(51); 

forming, on the third semiconductor layer (52), 
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one (50) of a fourth semiconductor layer and 
insulating film so as to completely fill the trench 
(51), 

the fourth semiconductor layer having an impu- 
rity concentration lower than those in the drain 5 
layer (10), drift layer (11), and RESURF layer 
(18); and 

removing and planarizing one (50) of the insu- 
lating film and fourth semiconductor layer and 
part of the third semiconductor layer (52) until 10 
the drift layer (11) is exposed. 

67. The method according to claim 60, characterized 
in that in the step of forming the RESURF layer 
(18), the RESURF layer (18) is formed in an ele- *5 
ment region where a semiconductor element is to 

be formed, and at an element terminating portion to 
surround the element region. 

68. The method according to claim 60, characterized 20 
in that in the step of forming the trench (51), the 
trench (51) is formed in an element region where a 
semiconductor element is to be formed, and at an 
element terminating portion in a second direction 
perpendicular to a first direction along the gate elec- 25 
trade (15). 

69. The method according to claim 68, characterized 
in that in the step of forming the trench (51), the 
trench (51) at the element terminating portion is 30 
formed to have a stripe pattern along the second 
direction. 

70. The method according to claim 68, characterized 

in that in the step of forming the trench (51), the 35 
trench (51) at the element terminating portion is 
formed and arranged in a matrix. 
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